
Bat TO INSTALL 'l'HE 16K ADD-ON RAM IN THE COMPUCOLOR II 

1. Ranove power fran unit. 

2. Ranove keyboard cable fran rear of unit. 

3. Remove three Phillips head screws across the top of rear cover and one 
·aex head screw at the bottan of rear cover. 

4. Remove rear cover and put to one side. Be ca reful of power supply 
cable wire se t. 

5. Ranove three cable sets fran logic board. 

6. Remove logic board. 

7. Check chip located at location UE2. If numbe r on top of chip is 
#100631 do not remove it. If the chip is #10 0639, remove it and 
replace it with the supplied #100631. Note that the chip has a groove 
on one end. Note on logic board the decal with the groove drawn on one 
end di rectly unde r chip location. l-1atch groove on board to groove on 
chip. Be careful not to bend pins of the chip. 

B. Locate two twelve pin connectors {J8) on logic board, one end numbered 
1 tlu:ongh 12, other end mnnbered 13 through 24. 

9. Locate Ram add-on. Notice numbe r one through twelve on ram add�on 
should go to one through tv1elve on logic board. 

10. Re-install logic board in unit. :t>btice groove cut in front of logic 
board. Place groove in p:>sition so that aligns to plastic bar in front 
of cabinet. {If this is not correctly done unit will not fit snugly 
to front of C".abinet.) 

· 

11. Re-install th ree cable sets. Eight pin-connector (J6) fits on eight 
pin connector on logic board. Put one six pin connector \'lith red, 
blue, white, yel low, orange \vires on six pin connector (JS) next to 
eight pin connector; put other six pin connector with green, blue, 
red, black wires on next connector (J4). 

12. Place unit face down on padded working surface and place back on rear 
of unit, aligning plastic -cabs on bottom of rear cover to matching 
grooves in front cabinet. Pm.;h back dCMn on front cabinet so that it 
fits snugly, careful to align tabs on logic board to snall rectangular 
holes in rear cove·· He-install three Phillips head screws in top of 
rear of unit and flp· ,;J: ew in bottan. 

13. Place unit bact 
power to unit. 

..._j1._1ht p:>sition, re-install keyboard cable, apply 

14. Unit shouJ �nitialize with 32049 bytes free, if the original logic 
board was .•K. 

IF YOU EXPERIENCE ANY PROOLEMS WHILE !NSTAI..LING THE ADD-oN RAM PLEASE 
CALL OUR CUSTOl-1&� SERVICE PERSONNEL AT 404-449-5961. 
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1. INTRODUCTIOtl 

1 .  1 The COllPUCOLOn II 

The COl-IPUCOLOn II Hill Gl<.idly introduce itself with but the 
slightest help froli. th•..; user . Its brilliunt colors and amazing 
versatility are c<�sy to ect to l�nol:. Once plucged in, it is ready to 
perforo a rayd<Jd of Ut3k�;, l>oth �:ir:Jplc 3nd cor1plex. The user can 
easily insert a disl� from the COMPUCOLOR library and have at his 
finc;ertips an o.ssortL1cnt of car,los, Pccipc.::;, fin;:.ncial statements and 
more. nut for the IJorc ndvcntu!'ous, (unJ COMPUCOLOR makes it fun to be 

adventuro;.ts!) COliPUCCLOT! II offers the oppc1rtunity for the user to 
Hrite his own pro�:;ru.n:.:.. The lanGuc:ge of communication for the 
COllPUCOLOn II is BASIC, a popular cor.Jputcl' lane;uase developed at 

Dartmouth llniVCl'Si ty to n.:ake progrc:lr.:J,JinG easy for evc;ryone. 
Bt�src is a sin;::;lc user, convcr�;<ttionG.l PI'Ol.';l'amminG language Hhich 

uses si�ple statcwent3 and fa�iliar matheQatical notations to perfor� 
operations. BASIC is one of tho sioplcst computer languages to learn, 
and ohce learned provides the facility found in more advanced 

technique� t.o po2rf'on1 intriea tc manipulation::; and express problems 
efficiently. 

Like any ol11<:r ltin[;uael�, BASIC has a prescribed r;ratnr;lar to which 

the u ser reust adhere in order to produce statements and commands 
intelligible to the co:nputur. The fol loHint; pages provide a quick but 
co�plete introduction to tho BASIC lan�uage Gnd the features of the 
CotiPUCOLOn II. .Careful rcw.ding und liberal experir:tentation with 

examples \oTill enable a u�er to sto.rt progr·unr.:ine . in a ·short titnc. 
Adopting a leis urely p�ce with the text will ensure that the new user 

will find programminc; nu<.:ll e asier than suspected. 

1.2 Initializing and Rullnin9; B/\SIC 

\olhen the COtlPUCOLOn II is turned on, the screen display for t1odel 
3 will be: 

·DISK BASIC 8001 V. 6. 78 COPYRIGIIT ( C ) BY COI1PUCOLOR 

1·1/\Xlt.:Utl P./\!1 AVI\JLABLE'? 
71173 BY TES FREE 
READY 

'i'he number of fi'Ce bytes on tlodcls 4 a nd 5 will be 15665 and 32049, 
respectively. The BEADY mc3SuGe indicates that the cachine is now 
ready to accept any BASIC programming statements that the user wishes 
to enter. If the user wishes to u�e w. prepared program from one of the 

COl-lPUCOLOn II  diskct tcs, the diske t tc rnus t be slid into the .opening on 
the right hand side of the machine, and the door must be closed.� 
Pushing the AUTO key (the brown key on tho upper left of the keyboardl� � 
will result in a list or "t·lEllU" of available J,JroGrar,ls on the screen. A 

-1 -



-

choice is indicated by typing in the nuruber of the selected program. 

The program �ill be loaded and the CONPUCOLOR II will proceed with 
instructions on hot� to use tlit! pror;ram. 

If, when the machine is pot�ered on, the proper message does not 

appear, the user should hold the shift and control keys down while 
striking the CPU TIESET key. This should produce the correct screen 

display, however·, there lilay be a delay of 5 or more seconds before it 

appears. On the deluxe or extended keyboards the command key can be 
struck in place of the combined CONTROL .S!IIFT sequence. · 

It may often be necessary to reset BASIC after the machine has 
been turned on and a procrarn or two h�s been run. The first step to 
reinitializint; BM)IC is �tr.iki ng the CPU m::�;ET key. The screen "1ill 

output: 

CO!lPUCOLOH II ern !·10DE V. 6 .78 

. 
Then, the ESC and \·:( BM:IC) key�; arc hit in sequence. The machine Hill 

print the messaGe: 

DISK 131\SIC 8001 V.G.78 COPYRIGilT (C) BY COHPUCOLOR 
HAXI!Hli·l nM·l t\VI:IUU.E? 

If the use!� dcsit·cs no specific <tmount of Jic:r;ory, then sioply striking 

the RETURN key will brin� the REhDY �essa�c to the screen. If, 
however, a cer tain ruaount of �eMory needs to be specified ( as is 

necessary in sane upplications), the us0r must type in a number up to 

8192, (ot• 163811 if t.hc r.Jaci:inc is a I·lodd 1.1; or 327G8 fot• Hodel 5 )  
subtr�ctin0 fr·or,l Lhio m:1xj.mw:1 <tny <mount of space to I.J c  reserved as not 
for use by Bh.SIC. The usct' tiJc,n strikes t.l1e RETURN key and the machine 
will return the nunbcr of free byt0s and the nEADY mes3agc. The 
machine i� no\; rc;\"dy, as \-;hen it is first turned on, to either accept a 
user's progra� or load a COI1PUCOLOR II program from an inserted 
diskette. 

0 

If the machine \.Jill not r·ctupn the proper r.1cssae;es and/or numbers, 
the local dealer should be con tacted for assistance. 

1 . 3 Using the Manual 

BASIC has thirty ( 30) key word proGram, editing , and command 

statements, eiehtccn (18) mathematical functions, nine ( 9 )  string 
functions and thirty ( 30) trio-letter e t•ror messages. These features 

are described in detail in the next chapters, thus providing a ready 

reference to BASIC's capabilities. If the user is unfamiliar with the 

BASIC language, then the rcnaining portion of this manual should be 
studied in sequence Hhilc having a CO:·IPUCOLOR II available to run the 
examples r,iven. 

Compucolor Corporation has a number of BASIC programs on the 
COHPUCOLOR II diske t tes that are avail�ble at nominal prices. In 
addition, Compucolor "'·ill pay for BfiSIC prot;rams that are p_rovidcd on 

diskettes when properly docuwcnted and accepted for release on future 

Compueolor diskette�. Enjoy procra�ning in DASICI 
, 
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2. ESSENTIALS FOR SH1PLE PROGRAMHING 

2.1 Variabl es 

BASIC uses variables as a basis for· convey ing values in 
prograliliiline; sta teQents. The Val'iablc i s  an algebraic symbol 
representing a number which the user assigns to it. A variabl e is 
formed in one of three ways . It can b e a le t ter alone , a l e t ter 
folloued by a number , or two letters. For· example: 

Acceptable Variables 

A 

C2 
XY 

Q 

Unacceptable Variables 

3F - begins w i t h  a d igi t 
25 nwaeric constant 

A variable lonBer th�n 2 ch aract�rs will be accepted by BASIC, but 

BASIC will only read the first two characters. Thus , t hese must be 
distinct from any other vadablcs used in the program. For example , 
CAT is not a new variable in a program already using the variable 
CANCEL. Words used as specific commands or stategen ts in BASIC are 
reserved, and cannot be used as variable names ( e .g. LIST, RUU, HEAD, 
e tc . ) , If such a word is used, BASIC will not accept i t  as a variable , 
and will usual ly re turn an error message . Certain other special 
purpose variable� arc acceptable in DASIC, and w i l l  be described in 
lat e r  sections of this manual .  

When the user assigns a value to a variable , it will retain that 
value unt i l  it  is changed b y  a later statement or calcula tion in the 
program. All numeric variables, until given a value by the user, are 
assumed by the compu ter ·to have the value 0. String variables are 
ini tially assumed to be equal to the null st ring (see Section 3. 10.) 
Th is assures tha t la ter changes or addi tions will not misinterpret 
values. 

2.2 Numbers 

BASIC treats all numbers ( r'eal and integer ) as decimal numbers, 
that is, it accepts any decimal number and assumes a decimal point 
after an intege r. The advantase of treating all numbers as decimal 
numbers is that any number or syobol can be used in any mathematical 
expression wi thou t regard to its type. Numbers used must be in t he 
approxima te range 10-38 < lJ < 10 pa 

-3-
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In addi tion to integers and 
numbers is r

'
e cognJzcd and accepted by 

"E-type" notation, and in this forr.1at 
decimal number times some power of 10. 

xxEn 

real numbers, a third forma t for 
BASIC. This is the scientific or 

a number is expressed as a 
The form i s :  

where E represents ''times 10 to the power of"; thus the number is read , 
"xx t imes 10 to the power of n." For example: 

25 .8E2 = 2 5 .8 * 100 = �580 

Data may be input in any one or ctll three of 
computations are output as decimals if they 
.01<n<999999; othcr\Jj_se, they <:.re ou tput in 
seven siGn'ificant dir;its in nOI'T.:<-'.1 operation 
digi ts as illustrated below: 

these forms. Results of 
are within the range 

E format . BASIC handles 
and prints 6 decimal 

Value Typed Iu Value Output by BASIC 

• 0 1 
.0099 
999999 
1000000 

.o 1 

9 .9E-0 3  
9r;9999 
1E+06 

BASIC auto�&tic�lly suppresses the printing of leadinB and 
trai l i ng zeroes in integer and de cir.1al numbers, a nd, as can be seen 
from the preceding examples, formats all floating point numbers in the 

form: 

(sign) i.xxxxxE (+ or - ) n  

where x represents the number car �ied to six decimal places ; E stands 
for "times 10 to the power of"; and n represents the value of. the 
exponent. For example: 

-3.47021E+08 

7 .26E-O!I 
is equal t o  
is equal to 

-347,021 ,000 
.00726 

Floating point format is used Hhen storing a nd calculating mos t 
nu�bers • .  NOTE: Be ca us e uemory size limitations ·prohibit the s torage of 
infinite binary nu�bcrs, some numbers cannot be expressed exact ly in 
BASIC. Accuracy is approximately 7.1 digi ts , and errors in the 6 th 
dieit  can occur. Fot� example; .999998 may be the resul t of SOli).� 
functions instead of 1. Discrepancies of this type are magnifie d  whe1, · 
such a number is used in mathematical opera tions . 

2. 3 Arithmetic Operations 

BASIC performs addition, subtraction. mul t i p l i cation, division and 
exponentiation. Formulas to be evaluated are represented i n  a format 
si�i lar to standard mathematical no tation . The five operators used in 
writing �o3t formulas are: 



y 

symbol Opera tor Example Heaning 

+ X+Y Add Y to X 
X-Y Subtract y from X ,�·� 

* X*Y Hultiply X by Y 
I X/Y Divide X by Y 

X"'Y Raise X to Yth power 

BASIC also permits the use of unary plus and minus. The - in 
-A+B, or the + i n  +X-Y are examples of such usage . Unary plus is 
ignored, while unary minus is treated as a zero minus the variable. The 
expression -A+D is processed as o-n+D. 

2.3 .1 Priority of Ari thme ti c Operations 

\-Then r:1ore than one operation is to be performed i n  a sinc;le 
formula ,  as is most often the cace , cer tain rules mus t  be observed as 
to t he precedence of operators. In any given mathematical formula, 
BASIC performs the arithmetic operations in the fol l owing order of 
eval uation : 

1 .  Parcntbc�.>c:s 
parentheses 

expression 

receive top prjority. Any expre s sion within 
is evaluated before an unpat'cnthcsizcd 

2. Exponentiation 

3 .  Unary rninu::; 

4. Hul tipl ic c.:tion <!nd division ( of equal priority) 

5 . Add i ti on and Subtraction (of equal priority) 

6 .  Logical operators in the order NOT, AND , the n  OR� ( see 
Sec tion 4.7) 

If t he rules above d o  not clearly designate the orde r  of priority, then 
the evaluation of t he expression proceeds from left to right. The 
expression A"'D"'C is evaluated from left to  right as fol l ows: 

1. A"'B 
2. ( resul t of step 1)"'C 

= step .1 
= answer 

The expression A/D*C is also evaluated from left  to righ t s i nce 
multiplicat ion and division are of equal priority: 

1 .  A/B 
2 .  ( resul t of step 1)*C 

____ .. _ �-- · - -

, 

-5-
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The expression A+B*C"'D is evaluated an: 

1 .  c"D = step 
2 .  ( rc::;ult of step 1) t:·B = step 2 
3. (result of step 2)+A = a nsHcr 

Parentheses may be nested, or enclosed by a second set ( or 
parentheses. In this case, the expression within the 
parentheses is evaluated first, and then the next innermost, 
until all have been evaluated. In the following example: 

A = 7 r. ( ( B"'?.+l+) I X) 

the order of evaluation i"' .., . 

. 
D"'2 1 .  = step 1 

2 .  ( r·esul t of str:p 1 )+4 :: step 2 
3. (result of step 2)/X = step 3 
4. (result of step 3)*7 = A 

more) of 
innermost 

and so on, 

Parentheses also prevent any confusion 011 doubt as to how the 
expression is evaluated. For example: 

Doth of these formulas are C}:c:cuted in the same Hay, but the order of 
evaluaton in the second is �ado more clear by the usc of parentheses. 

Spaces may be used in a similar manner. Since the BASIC 
interpreter ignores spGcc::> (except Hlicn e nclosed in quotation marks), 
the two statements: 

are identical in meaning and consequence, but spaces in the first 
statement provide case in reading when the line is entered. When such 
a statement is subsequently printed by the computer, spaces entered on 
input are ignored, and the spacing will appear differently on the 
screen. 

2.11 The Assignment Statement 

The user assigns a value to a variabl� by the use of the equals 
{ ::) sign. The variable must appear on the left of the statement and 
its value on the right. For example: 

A = 2 
Q4 :: 7.5 

-6-
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The statements 2=A , and 7 -5=Q4 , although algebraically equivalent 
to the above examples, are not lccal in BASIC, because the �achine 
always takes the value on the right of the equals sign and assigns it 
to the variable on the left of the sign. The number 2 is not an 
acceptabl� variable , and tho nachine cannot replace its value with that 
of "A". The fundamental difference in neaning and use of the equals 
sign in algebra and in BASIC nust be clearly understood to avoid 
confusion. In algebraic notation, the formula X=X+1 is �eaningless. 
However, in BASIC (and in nost other computer languages) ,  the equals 
sign designates repla cement rather than equality. Thus, this formula 
is actually translated: ''add one to the c urrent value of X and store 
the new result back in the same variable X." Whatever value has 
previously been assigned to X will b� combined with the value 1. An 
expression such as A=B+C instructs the computer to add the values of �' 

· and C and store the resu l t  in a third variable A. The variabl e A i� 
not being bvaluatcd in tcr·ms of any previously assigned value, but only 
in terms of B and C. Therefore, if A has been assigned any value prior 
to its use in this statement, the old value is lost; it is instead 
replaced by the value B+C. For examp l e :  

X=2 

X=X+1+Y 

Assigns the val ue 2 to the variable X. 

Adds to the current v alue of X, then adds the 
value of Y to the result and a ssigns that value 
to X. 

-7-



3. BEGI!liliNG TO PROGRAI-1 

3.1 Sample ProGram 

The lines bclm-1 forr.1 an accep table BASIC pro�ram which the machine 
will unders tand and couputc. The numbers a t  the start o f  each line are 
an essential part of the pror;r·am. E2tch statement must have a line 
number in order to be c��ccuted \-/hen the pror;ram runs on the machine. 
lhe computer Hill process each line in ascending nuruerical order, 
regardless of the order in which it io typed in t o  the machine. 

10 h=S 
20 B=7 
30 C=A+B 
40 PRI!JT C 

The line number itself �ay be any integer from 0 to 655291 and 
lines may be numbered in increru8nts as low as 1, bu t it is a good 
proc;ranning pr·actice to nu;nbcr program statemen t s  in increments of 10 
or 100. This leaves adequa te room for insertion o f  statements at a 

la ter tirue Hi tiJout the ne:ce::.;sity of rcnurr.bel'ing the en tire program. 
Hitting the return key at the end of a nur.Jbered line aut omatically 
enters that line into the computer and stores it in memory. 

3.2 The PRINT St�ternent 

Line 40 of the above program is a PRINT s tatement. This s tatement 
is necessary in order to retrieve the calcula tion the machine has made. 
After line 30, the computer has solved the problem and assigned the 
value 15 to the variable C. Wi thout the PRINT s tatement, however, it 
will simply store that informa tion for future use, and it will not be 
visible to the user . The PRINT statement need not always give the 
value o f  a single variable; it may contain an expression. Therefore, 
in the preceding progr�m, the· same resul t would have appeared if the 
progr-am had read: 

10 A=S 
20 B=7 
30 PIHHT A+B 

O ther examples of the usc of expressions in PRINT statements are: 

10 A=400 
20 PRitJT A*975 

- -

, 

10 R = 5 
20 p = 3 • 1 4 1 5 9 
30 PRitJT P*R"2 

-s-
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The PRINT statement can �lso be used to print a message or string 
of charactc�s, either alone, or together with the evaluation and 
printing of numeric values . Characters to be printed by are enclosed 
in double quotation marks . For example: 

gives: 

and: 

gives: 

10 PRINT "CLASSIFIED" 

20 PRiliT "IlJFORf.!!tTIOU" 

CLASSIFIED 

INFOIU1A TION 

�0 A=50 
20 PRINT "TilE NLXT. NU:,iBF:R IS", A 

THE tmXT NUIIDEH IS 50 

When a character string is printed, only the ctJaracters between 
the quotes appear; no leadinG or· traiHng spaces a1·c added. Leo.ding 
and trailing spaces can be added within the quotation marks usinG the 
keyboard space bar; sp::tces o.ppe;<.:.r in the printout exactly as they are 

typed.within the quotation marks. 
A convenient shortcut in DISK BASIC is the use of the question 

mark ( ?) .in place of tile \lord "PRIIJ'f11 in any PRIUT statement. For 
example: 

10 ?A 

30 ?"HAGIC" 

is equal to 
is equal to 

10 PfliNT A 
30 PRINT "MAGIC" 

When the program is listed by the machine, hm._rever, the question mark 
is replaced by the word PRii1T. (For a more detailed description of the 
PRINT statement, see Section 7 .1) 

3. 3 The RUH Command 

Once
'

a program ha3 bbcn properly written and entered into the 
computer, the use of the RUN command will cause it to be processed by 
the machine and return the result of the program. When the las� 
program line is typed and entered, the use!' types RUN and hi{.� 

RETURN. Because RUN is a command �nd not part of the actual program, 
it needs no line nuwber. The machine will return the result and the 
message READY. The READY message indicate3 that the machine is 
prepared to accept fuPther additions or changes to the program. For 
cx;mple: 

- ---
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Program 

10 R= 5 0  
2 0  T=5 0 
30 PRINT R*T 
RUIJ 

Machine Response 

25 00 
READY 

If the user desires to write a compl etel y new program , the �achine 
must be cleared of existing data by re-initializing BASIC. ( se e  1 . 2)  

3 . �  Corre c tions 

Corrections can be ca.sE;y made Hhilc programwine. If, vthil e 
typing a line, the u�cr r.1akcs a mi3takc, the � can be used to delete 
the la st chaPactcr typed. The � �aves the cursor b:1ck one space at a 
time , and it can be st1·uck rcpcc.tcdly unti l the error is erased . The 
line is then retyped fro� that point on, or , if the rest of the 
oric;inal line vras correct , the -7 can be used to l'estore that portion 
of the line rerJovcd by the � . 

If the li ne containing the error is already enterod, a correction 
is made by retyping the line correctly, usin� the same line number. 
The computer Hill Pcpbce the faulty line \-l ith the one �ost recently 
typed . 

If the user desires to delete an entire li ne from the progr�m, 

entering that line nuubar and hitting ncTURN will remove it from Lhe 
program. The line cu rrently be inG entered can be dele ted by typing the 
EHASE LINE key. 

The ERASE PAGE key will clear the entire CRT sc reen , but it does 
not change or d i s t urb any BASIC statements in any way. It is often 
used to obtain a Blank workspace on the screen while programming. 

3 . 5  The REM Sta tement 

It is often desirable to insert notes and messages within a 
program. Such d a t a  as the name and purpose of the program, how it is 
used , how cer tain part s of the pr·ogram work, and expected. resul ts at 
various points are useful thinGs to have present in the program for 
ready reference by anyone using that program. 

The �Et!AP.K or REt1 statement is used to insert remarks 
into a program w i thou t these comments affecting exe cu t ion . 
hoHeve r ,  use mer:10ry in the user area Hhich may be 
exceptionally lone program. 

or comments 
Remarks do , 

neede d by an 

The REM statecent must be pre ceded by a line number. The mes sage 
itself can contain any lccul character on the keyboard, including some 
of the control characters. BASIC cowpletely ignores anything in a line 
folloHing the letters nEI-1. Typical flEH st atements are shown belcH: . 

1 0  REH 'f!IIS PHOGTIAH C011PUTES THE 

1 5  REM flOOTS OF A QUADRATIC EQUATION " {' .: 

- 1 0-
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3. 6 The LIST Command 

The user can see a l i s t i ng of h i s  program on the screen by typing 
LIST and hitting RETURN . Such a l i s t i ng mal �es f i nd i ng e rrors much 
easier , a nd fa ci l i tates ad d i tions and changes to the progr am . A 
portion of any p rogram �ay be viewed by typing LIST fol l owed by a line 
number .  The screen wi l l  s hoH a l i s ting o f  t h a t  l i ne and a l l  fol l owing 
l ines i n  the program . Be cause the machine wi l l  s cr o l l  the program very 
ra pidly , the user may w i s h  to stop the l i s ti ng a t  some point for a 
closer look . H i t t i ng the I3BEAK key \�i l l  c au!Je the scrol l i ng to hal t ,  
Hi tti ng the RETURN key wi l l  resume the l i s t i ng .  To stop the l i s ti ng 
altoge the r ,  so that the user can edi t or c h ange the program , t�0 
LIUBFF.ED key i s  s truc k .  Th i s  1 1ill prod u ce t h e  m c s S L!GC READY . 

3 . 7 The END Statement 

The o p t i onal Elm s t atel!lc nt  is of the form : 

END 

U po n  exe cu t ing an Et1D � t <J tcm.ent , PI'OGt'a:a exe c u t ion is t e rmi nated and 
the READY m e s s ace is print cc1 , Proijr (;;.J.1  �:;.:c c u t ion can be con t i nued a t  
t h e  statement imne d i a t c l y  fol l owi ng the E!JD s ta t ement by e n tering a 
COIJT cor.10an d . For cxru:1pl e ,  e): c c u t i ns t h e  fol l owin[; l ines : 

10 P R I N T  1 :  EIJD : PJUJ IT 2 
20 PRII IT 3 

gives the fol l owing response : 

RUN 
1 

READY 

CONT 
2 
3 

READY 

In t h i s  fashion t he END s t & t cme n t  can be used to generate program 
breaks to faci l i tate debut;e;in� a program . 

Program execution w i l l  a l so termi nate automatically when the 
progra� runs ou t of s t a teme n t s . Note that in b o t h  cases currently open 

files are no t close d .  

-11-
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3.  8 The COl iT  Cor.l!nand 

The COllT com:11and i::; of  the fori.� : 

Cot J T  

Thi s  c or.u�and i s  U:Jcu to  con U i tuc P t'o::;r a1.1 exe c u tion a t  t h e  next 
stc:. tcmcnt a f tt:r a Pl"ocr· �tt1 br·c<� l :  or C ! r' r' O I' i �> clc t c c tcd . Exe cu t ion cc:.n b8 
rc �tarted c:: t a spc d fic  l i ne nur.,b..:: r· by u s i nG a. GOTO s t a tcnent i ns t eo.d 
o f  COiiT.  

A Cl !  c 1·ror r:te ::> s <:, [�c i:.; p ri n t e d  if j_ t is in1po3si ble to conti nue 
cxccu tion af ter a pl�o�r· etr.l br'cat� . This tne s sage ui l l  appe ar if no 
p1·ogrum cxio t s  or a l1L!H or co t" P c c t c d  l ine \/:.t::J e nte red i n to the pro;;rar:l . 

3.9 l lu l tipl e S t <:i t emcnt Li ne[; 

For conveni ence i n  pro�r c �t1 i n� ,  DISK DAS IC  a l l ows the u�er to 

place more than on12 stc.1tcr.Je n t. on a sing l e nu:r,bercd l ine . The c;cneral 
fo rm is : 

s tatc�cnt : s t� tcncn t :  • . •  : s t � teme n t  

where ' s ta tement ' is  a n y  pcrmi � � i b l e  DASIC s tatement . Any numbe r of 
statements may be llU t  tocc thcr on one l ine , with the restric tion that  
l ine l e ngth m u s t  no t exc e e d  9 G  chQrac tcrs . The colon ( : ) deno te s new 
s tG! tencn ts and ::.; e pa.r a t c ::: t hc 111 frow one nnothc r . The s t a tements arc 
exe cuted i n  ord e r  fro� left  to ri�ht. 

The user mu s t tnlcc note of a f'c•i s ta tcrne n  t s  Hhosc usc in mu l t i pl e  
statc:.1ent l i nc:s roq ui r· c ::: sor:ic cau t i o n . 

Dccause nASIC ignore s any th i ne after Rill ! ,  i n  the fol lowi ng 
statement : 

A=50 : B=25 : C: ll : T\E:-1 'f r iiS PflOGHAH ADDS : PRINT A+B+C 

the resu l t  of  A+D+C will nev er be computed and p r inted . 

De cause GOTO cau�cs o n  i �rue diate and uncondi tional  transfer of 
control , a ny t h i ng fol l owing GOTO i n a mu l t i pl e state�e n t  l i ne w i l l  

never be execu ted . DATA s t Hterncnts tha t a p p e a r  after GOTO ' s wi l l , 
howeve r ,  be read by a ny corresponding READ s t a tene n t s .  

Care must b e  t a k e n  Hhc n IF • . •  TIIEJ J  statements arc used i n  nu l t ipl e 
statement l i nes . I f  the r e s u l t  of the t e s t  i s  fa l se , c ontrol wi l l  not 
pass to  the next s t d,cl•lc n t  in t he lirw , bu t rather to the next nun:.bcrcd 
s t a tement . For exampl e :  

50 C = 2 : 1\=5 : I F  f,= G  Tl lf.i� PH l i lT  1 :  Pfl HI T 2 
60 IF C = 2  Tl lEN PiUl !T 3 :  PlUI JT 4 

This progc::; t!'l H i ll pri n t  o u t  the numbe r s  3 and 1; . I f  the IF • . •  Tl llm 

s tater:Jent co:;Jpari :.>on i ::;  true and docs not p a :5 s  cont r·ol t o · a specific 
l ine n�1bc r , the next st a tunc n t to t h e  righ t i n  the nul t i l pl e  stateme nt 
l i ne w i l l  be execu ted . F o r· <:X�!El!J_).e :  

- 12-
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40 1\: 1 0 : IF 11= 1 0  TI IEtJ D=500 : P IUtJT A+D 

\.fill  result  in 8ot ti ng D to  500  and the pr i n t i ng of the resu l t  of A+ D .  

3 .  1 0  I n troduc t i o n  t o  S tr·i nGS 

The pre v i ous s e c t i o n s  d e s c r i b e d  the manipu l a t i o n  of numericc.l 
i nforma t i on onl y ; h owe ve r ,  DIS� BASIC a l s o  proc e s s e s  i n forma t i o n  in the 

form of char� c t e r  s t r i n�s . A s t r i n G ,  in t h i s  c o n t e x t , i s  a sequence of 
characters treated as a u n i t .  A s t r i nG is composed of al phabe t i c ,  
nume r i c , or spec i a l  c h a r ;:, c t. e r s . The r n :x i num lenct h  of quoted s t r i ngs 

and s t rings c n t e l·cd u s i ng t h e  Hl PU T  s t a t em e n t  i s  de: t c rmi ned by the 

length o f  the i npu t l i ne bui'f0 1' H l l i c l i is 9G charac t e l'S or bytes . 
Any var i a b l e  nar.w fol l o•,J c d  by ;"� d o l l a r  dr;n ( $ )  character 

i nd i c a t e s  a s tring varia b l e .  for c� arnpl e :  . 

A$ 
C7 $ 
LONG$ 

are s imple stri ng v a r i a b l e s  and can be u s e d  as follows : 

1 0  A$= " 1 1ELLO" 
20 PRliJT II$ 

Note that the st ri ng v a r i a b l e  t$ i s  sepa r a t e and d is t i n c t  from t h e  

variable A .  I n  DISK BASI C ,  a l l  con t l'ol c h a r a c t e r s  a b o v e  control code. C 
( or 3 )  are legal charcctcrs w i t hi n  q u o t e s  ( " ) except for t he following : 

C o n t rol . Codc K or 1 1  or e rase l i ne 
C o n t ro l  Code L or 1 2 or c1·ase p a�e 
Con trol Code !·I or 1 3  or rctUl'n/ e: n t c r  
Control Co do y or 25 01' CUr SO!' r i s h t  
C o n t r o l  Code z or 26 or cursor l e f t  

Concatenation is  a s t r i n g  operata!' t h a t  pu t s one string after 
another wi thou t any i n terveni nG· charac t e r s . It is  specified by a plus 
sign ( + )  and works only wi t h  s t r i ngs . The - maximum length of a 
concatenated s t r i ng is 255 charac ters . I n  e ach of the fol lowing 
examples , D$ con tai ns the r e s u l t of c o n c a t e n a t i ng _ the s trings A$ , D$ , 
and C$ . 

1 0  A$ = 
20 n$ = 

30 C$  = 
40 D$ = 
50 PRI!J T  

RUN 
332211 11 

" 33 "  
11 22 11 
II II ! I  I I  

A$+B$+C$ 
D$ 

·---llllllilll.· --
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1 0  A$ = " I  AH" 
20 n$ = II A CLEVER" 
30 C$ = II COl·IPUCOLOR II" 

lj Q D$ = M+B$+C$ 
50 P R I N T  D$ 

nuN 
I AM A CLEVER COHPUCOLOR II 



3 . 1 1 The CLEAR Statement 

The CLEAR s tu tonent 

simple variables and arrays . 
shown belm.; :  

CLEAR 

and 

CLEAR expression 

c l e ars al l 
The CLEI1R  

,...!"": ' ' 

the use r ' s variables i n cluding 
s t a t c�e n t  has two forms as 

The di ffcrenc<:: be t\lcc n  tho tHo forms is t h a t  the form \·l ith the 

expre ss ion s pec i fic s tho new nu�bcr of by tes i n  t h e  s t r i ng spac e ,  Upon 
en try t o  BASIC the s trinG space i s  i ni t ial i z e d  to 50 b yt es. For 
examp l e , -in prograt:ls tha t he avi ly use s t ri nGs , t h i s  al l o c a t i o n  can be 
changed by execut i n� a CLEA� 250 ; it shou l d  be one  of the first 
exe c u ted sta teme nt::> in a progr�r� bccnuse it c: l � o  clears all the 

varia b le s . For fu rther i nforma tion on hm1 stri ngs are alloca ted in the 
s t ri ng s pace , sec Sec tion 7 . 4 . 

3 .  1 2  Imme d i a te l!odc 

I t  i s  not nece s s ary t o wri te a c om pl e te program to use DASI C .  

Ho::tt of t he s t a t e me n t s  d i s cu s sed i n  thi3  manual  c a n  b e  i n c l ude d i n  u 
pr ogram for later cxccu tt on or t;i ven <IS cor.tmands whi c h  are ii:lr.ledia tcly 
exe cuted by the DISK BASIC interpre ter . Th is  l a t t e r  fa c i l i ty ma ke s 
BASIC an . ex t reme l y  powerful c a l c u l a tor . 

BASIC d i s t ingu i s h e s  be tween line s e n tered for l a t e r  execution and 
those en t e t�ed for ilillaedia to exe cu t i o n sol e l y  by the presence ( o r 
absenc e )  of l i ne numbe rs . Statements Hhj_ch  begin Hi t h  l i ne numbe rs are 
stored as part of the proero.m ; s ta t c1:1en ts \tit hou t l i ne nurabcrs are 
exe c u t e d  irumcc.lia t ely upon be:ine cn tm� cd into the sy s tem . Thus the 
line : 

1 0  PRmT "'fliiS IS A COt lPUCOLOR I I 11 

produces no act ion <::t the com�ole upon entry, \�hi l e the s t a tement : 

PRINT "THIS I S  A COHPUCOLOn I I I' 

causes the immed i a t e  o u t pu t :  

THIS I S  A CONPUCOLOR I I  

Hultip l c  s t a t ements can b e  used on a s i ngle l ine i n  imme d i a te 
mode . For ex ample : 

A: 1 : P R i tiT A 

Program loops are al so 
squares c a n  be produced as 
loops , see Sect i on 4 . 9 )  

r,iv e s : 

nl loHed in 
follov1!,; : ( For 

- 1 !J -
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FOR I= 1 TO 1 0 : PRIU'f I ,  I"2 : 1JEXT I 

1 1 
2 4 
3 9 
4 1 6  
5 25 
6 36  
7 4 9  
8 6 11 
9 8 1  
1 0  1 00 

READY • 

3 . 1 3  Samples  and Examples 

· In order to bccono more adept at  proGramminG , any user previously 
unfamil iar wi th BASIC should s e t  aside sonc time for experi�entation 
with t he i nformation  thus far provided in  this manual . Simple programs 
such as the one s b�lou mal:c r;ood practice  offort s .  

A 

1 0  REt-! TI-JI S PHOGRM·1 CO! i PUTES 
20 RD1 THE AREA Of A C I RCLE 
30 REH THE FOfl:1UL/\ IS : 
4 0  REM AREA � P I  * RADIUS A 2 
50  P I = 3 . 1 4 1 5 9  
60 R = 25 
70 1\ = PI * R A 2 
80 PR INT 1 1AREA = " , A  

B 

1 0  REH TIIIS PROGRAl ! AVERAGES 
20 R EM FIVE N UHBERS 
30 A=23  
l jQ  8= 1 
50  C = 1 88 
60  D::5 
'(0 E=89 
80 T= A+D+C+D+E 
90 AV: T/5 
95 PRINT " AVERAGE = " , AV 

Write procrams to sol vu these problems : 

How many cubic yards of soil can be 
into put into a box that �casurcs 
5 fee t by 4 2 . 5  i ncheo by 1 ya rd? 

-1 5 -
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Convert 4 0  degrees Fahrenheit 
into degree s  Celsius using 
the formul a  C = ( 5 / 9 ) * ( F-32�: 



IL t 10RE STATEI·!EinS , CO� ;! lM ! D.S ,  1\llD fEATU HES 

4 . 1  The IN PU T S t a t em e n t  

The I!JPUT s ta teme n t  i .s  u s e d  H l 1 c n  d a t a  value s arc  to be e n tered 
frow t he teruinal keyboard d u r i n� p ro�ram exe cu tion . The form of the 
s tatement i s :  

.I HPUT l i s t  

Hhcre 1 l�s t '  
exal!lp l e : 

i s a l i � t of variable names separated by commas .  For 

1 0  IHPUT A ,  B ,  C 

causes the c o�p u t e r  to  p a u s e  d u r i n� execut i o n , p rint a question mark , 
and l-Tai t for the entry of thre:e nu1nc1�ic values St:!pa r c. t c d .  by commas .  
The values are i npu t to the compu t e r  by typi nc the RETURN key . 

If too few values are e nte red , DASIC p ri n ts another ? to indicate 

that core data value3 are needed . I f  too many valu e s  are used , the 
excess d a t a  va lue s o n  that l ine arc i3nored , but the prograo wi l l  

con ti nue . The v a l u e s  e n t ere d  i n  r e s ponse to the ·INPUT s tatemen t  cannot 

be con ti nued on ano ther l i ne and are terminated by the RETURN key . 
Val ue s  must be s e p ara t e d  by commas i f  more than one value i s  e ntered on 

the same l i ne .  

Hhen r ead i ng ·numeric v a l u e s , spaces are ignored . �Jhe n  a non- spa ce 

is found , i t  is assumed to be part of a nu!ilbe r ;  i f  no t ,  the n the 
q u e s t ion marl< is repea t e d . The numbe r  is t c rrJinated b y  a comma , colon , 

or carriacc re tur n .  
When reading s t ri nc i toms , l e ad i nG s pace s are i gnored . When a 

non- space chara c t � r  i s  found , i t  i s  a::; sumcd to be the s ta r t  of a s tri ng 
i tem . I f  thi s f i r s t  char a c t e r  i s  a quo t ation marl< ( '' ) ,  the i tem i s  
take n as be i ng a quoted s t ring and al l char ac t e rs be tween the first 
double q uote ( " )  and a me. t c h i ng d ou b l e  quo te or carl�iage return are 

re turned a s  ch arac te rs in the s tri ng . Thus , quoted s t ri ngs may contain 
any legal chara c te r  except double quot e .  I f  the fir s t  non- space 
character " i s not a double q uo t e , then it is as sumed to be an unquoted 
stri ng con::; t. a nt . The s t r i n g  H i l l  term i na t e  H i t h  a c omma , colon , or 
carri age re tur n . 

Hhen there are several va lues to be e ntered via the INPU T 

i s  h e l p f u l  t o  pri nt a r:tossau;c t.::xplai n i ne the d a t a  need ed . s t atencnt , i t  
For exampl e :  

1 0  Pfl i!lT " YOU n AGE IS" 
20 Ill PU T  A 

The INPUT s tatc�cnt can a l s o  co n t a i n  q u o t ed s t ri ngs . The above example 
cou l d  be wri t t e n : 
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1 0  INPUT " YOUfl AGE IS? 11 ; fl.  

No te tha t whe n a q uot ed D t rin3 i s  i ncl ud e d in an INPUT s t a teme n t , the 

normal ? i s  not pri n ted n s  a prompt charac te r ,  a nd if d es ir ed , mus t  be 
incl ude d a s  s h o�m H i  thi n the quotes <.1l>ove . 

The H!PUT s t a tcrnc n t  :..� l l oHs DASIC to  be PI'OGl�ammcd L'o accept dir e c t  
q ue s t i ons and a ns\vers a :.;  H d l  a o  f i l l - i n- the- b l a nk applications . 

If  t he user \ii s h c:: :> to s top u pr·o�Tar:t 1-1hile  i t  i s  wai tinJ a t  an 
input stater.wn t ,  LH!EFE:m and RETU r::J r.t u s t  be ty ped in seq uence . I f  
RETURll is typed i n  r e s p o n :_; o  to t h e  Itl PUT p l'or,;pt ( ?)  1 DISK Bf,SIC Hill  
a ssume t he value 0 for nuuc ri c varia b l e s ,  a nd " O " for  s t pinr; v a r i a b l c ::J  .. 

I f  there arc �d tli tiona l va ri able s in  the I l l PUT l i s t , a ques tio n r.1a rk 
( ? )  1 1ill be pri n t e d  Q S  d i ::.; cu s ::; c d  abov e .  

lj .  2 The DATA Stutcr.1Cn l: 

The DATI\ s t a tement i �  u s e d  in conjunction wi t h the READ s ta teme nt 
to en t e r data i nto an axc cu ti ng P �'��Parn . One s t a t eme nt i s  never U ::J c d  
wi thout the o ther . The form of the D t 2 t c�e nt i s :  

DATP. v a l u e  l i s t  

vlhcre vnlt:c l i s t  con tai ns the nuwbct·s c1r �; t ri nes t o  b e  as s ic;ned t o  the 
variable s l i s t ed in a m:AD :::. ta  tC!il C! n t .  Ind ivi dual i te::m3 i n  t.he v a l u e  

l is t are s c p ;:u·a t e d  by cor:;ua s ;  s t ri ngs a r o  u s u n l ly c n cl o :.� ed i n  quotation 
mark s . For cxn�p l e : 

1 50 DATA !t , 7 , 2 , 3 , " P.BC"  
1 70 DATA 1 , 3 ! i E- 3 , 3 , 1 7 1 3 1 1 

The scaunin� o.f nu::tcri c <:.�.nd s t r' i n c  i t  ens i s  i d e n t i c a l  t o  t h �'-": 

de scribe d  above i n  the I l !PUT s ta teme nt . tm SU c rr·o r message c a n  resuh' 
frorn an  improparly for�a tted DATA l i s t .  

The location of DATI\ statements i s  arbi trary as l ong as they 
appear i n  t he correct  orde r ;  however , i t  i s  good prac t i ce to col lect  
all  re la ted DATA � t a temcnts near e a c h  o the r . 

Whe n the RUN comma nd is execu ted , BASIC sear ches for the firs t 
DATA s t atement and saves a poi nter to i t s  location.  Ench time a READ 
s ta temen t is encoun tered in the prog ram , the next value i n  the DATA 
s ta tement i s  assigned to the designa ted variable . If there are no more 
values i n

' 
t h a t  DATA s t a tclilent , BASIC looks for the nex t  DATA sta tement . 

lJ . 3  The READ S ta teme nt 

A READ s tatencn t  i �  used to assign the value s lis ted i n  the DATA 
staterncnts to the s pec i f i e d  v al' iabl e s .  The nEAD s t aterae n t is o.f the 
form : 

R EAD variab l e l i s t  

The i tems i n  t he v a r i a b l e  l i 3 t  may b a  si�pl e v a r i a b l e  names or s t ring 
varia ble nar.ws <.:nd arc � .-:: para ted  by comr.1a s .  For exampl e :  
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1 0  READ A ,  B$ , C 
20 DATA 1 2 ,  "42 " ,  . 1 2E2 

Si nce data must be read before i t  can be used i n  a program , READ 
s tatements general l y  occur ncar the begi nning o f  the pro�rarn . A READ 
s tatement can be pl a ce d  a nywhere in a mul t i ple stateme n t  l ine . 

I f  there are no d ata values avai lable i n  the DATA stateme nts for 
the READ to s tore , the out of data me ssage below is p r inted : 

OD ERROR IN xxxxx 
READY 

I t ems in the d a ta l i 3 t  in exce ss of t hose needed by the pr ogram ' s 
READ stateMen ts arc iGnored . 

4 . 4  The RESTORE S t a t eme n t  

The RESTORE s tat e�c nt c a u s e s  the proGram to reuse the  data from 
the fir s t  DATA sta teme n t , or , i f  a l i n e  nuobe r  i s  speci fie d ,  from the 

first DATA o t ateme n t  on or after the speci fied l i n e .  The tHo forms of 
the RESTORE s ta tcrnc n t  O. I' C  as fol l o\ls : 

RESTOR E 

and 

RESTOR E  l i ne number 

For example :  

1 0 0  RESTORE 5 0  

causes the  next R EAD s t ateme n t  to s tart reading d a t a  from the first 

DATA s t atement on or af te r line 5 0 . The fol l O\vi ng example sho\ls hoH 
the RESTORE s t a teme n t  func tion::; : 

1 0  IUPUT 11 ENTER 1 FOR NUHEIU C , 2 FOR STRINGS : " ;  A 
20 IF A = 2 THEN 200 

. 1 00 fl ESTORE 1 90 
1 1 0 FOR I = 1 TO 5 READ B :  PR INT B :  NEXT I 

1 20 GOTO 1 0  
1 90 DATA 1 0 , 20 , 30 , 40 , 5 0 , 6 0 
200 RESTORE 290 
2 1 0  FOR I = 1 TO 5 READ D$ : P R INT B$ : N EXT I 

220 GOTO 1 0  
290 DATA " A PPLE" , " BOY " , " C AT " , " DOG " , " ELEPHANT" , " FOX" 

I f  a 2 i s  ente re d ,  the fi r s t  5 s tring data values in line 290 are 
printed ; otherwise ,  the fir s t  5 numeric data values o n  l ine 1 90 are 
printed . The si x t h  d a t a  i t em s  i n  l i n e s  1 90 and 290 arc not read . 

& 
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11 . 5  The GOTO S t a t er:1ent 

The GOTO s t a tece n t  i s  u s e d whe n it i s  d e sir e d  t o  uncond i t ionally 
transfer to some l i ne other than the nex t s e q u e n t i a l  l i n e  in the 
program . In o ther words , a G OTO s t a t eme n t  causes an imne d i a t e  j ump to 
a s p e c i f i e d  l i ne , out of t he norma l cons e c u t i v e  l i ne numbe r  order of 
exe c u t io n . The general forr.1 o f  t he s tateme n t  i s  as fol l ows : 

GOTO l i n e  number· 

The l i ne numbe r t o  which the program jumps can be e i ther grea ter or 
· lowe r than the current l i n e  numbe r .  It i s  thus possible to j ump 

forward or ba ckward wi thin a program . For examp l e : 

1 0  IL= 2  
e o  GOTO 5 0  
3 0  A = SQ R (  A +  1 l l ) 
50  P R I H T  A , A !t A  
RUN 

causes the fol l ow i ng outpu t :  

2 4 

Whe n t he pro3r�m e ncounte rs l ine 20 , cont rol t ransfers t o  l i ne 50 ; l i ne 
50 i n  e x e c u t e d , control t ha n  continue s to t h e  l i ne fol l ow i ng l i ne 50 . 
Line 3 0  i s  ne ver execu ted . A ny num b e r  of l i n e s  c a n  be ski pped i n  
e i ther d i r e c t i on .  

When \·l ri t t c n  as p a r t  o f  a mul t i p l c  s t a teme n t  l i ne , GOTO should 
always be the last e x e c u table s t a teme n t  on t he l i n e ,  since any 
s tatement fol l o�v i �g the G OTO on the name l i ne is ne v e r  execu t e d . For 
exampl e :  

1 1 0 A= ATN ( D2 )  : P H I : I T  li : GOTO 5 0  

Howev e r ,  REM and DATA s ta teme n t s  c a n  f o l l ow a GOTO 6n t h e  s ame l i ne 
because they are non- e x e c u table s t a teme n t s . 

4 . 6  R e l a t ional Opera tors 

R e l a t i onal opera tors allow cocpa rison of two 
usually used to compare ari t hme t i c  expressions or 
I F  • • •  THEN s ta tement . The rela tional ope r a t or s  are : 

HATHEr-L\TICAL 
SYNDOL 

BASIC 
SY!-1DOL EXAI-IPLE HEANIUG 

v a l u e s  and 
s t r•ings 

= = A = B  A i s  e q u a l  t o  D .  

< < A < B  A i s  l e s s  t h an B .  

< < =  I = <  b A < = B  A i s  l e s s  t han or 
t o  B .  

- 1 9 -
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> > 

> >=  ' = >  

= < >  ' > <  

A>D 

A>=B 

A<>B 

A i s  greater than B .  

A i s  Greater than or 
equal to  B .  

A i s  not equal t o  B .  

The resu l t  o f  t he r e l a ti onal ope ra tors i s  - 1  for true and 0 for 
fal se . 

4 . 6 . 1  R e la t ional Operatoro i n  Stri ngs 

Hhen applied to s tr i nr; ope rand s , the rela t i onal operators test 
al phabe tic sequence . Comparison i s  made charac ter by character on the 
basis of the ASCI I cod es ( See A ppendix E )  u n t i l  a di fference i s  found�� 
I f ,  whi l e  the comparison i s  proceedi ng ,  the e nd of one . string i s  
r eached , t h e  shorter s tr i nG i s  considct•ed to b e  smal l e r .  F o r  example : 

55 IF A $ < B� TIIE!J 1 00 

Hhen line 55 i s  cxcculcd , the fiPst chara c ters o f  each s t rinr; ( P. $ and 
B$ ) are cornpal'e d , t h e n  the second ch arac t ers of each s tring ,  a nd so on 
unti l the character in A$ io less t h a n  t h e  correspondi nG character i n  
D$ . I f  this test is true , execution con ti nue s a t  l i ne 1 00 .  

Essent ia l ly , the s tri n6s nrc cocparcd for al phabe t i c order .  Below i s  a 
l i s t  of the relational operators a nd the ir s tring i nterpretati ons . 

In any s trinr; comparison , l e ad i nG and trai l ing blanks arc 
signi ficant ( i . e . , "ABC" is not equiva l e n t  to "ABC " ) . 

OPEHATOR" EXAHPLE 

= A $ =B$ 

< A $<B$ 

> A$>B$ 

< = A$<=B$ 

> =  A$>=D$ 

< >  A $ < >B$ 
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The s t r i ngs A$ and B$ are 
alphabe tically equal . 

The s t r i ng A$ alphabe tically 
precedes B$ . 

The s t r i ng A $  alphabe tica l ly 
fol loHs B$. 

The string A$ i s  equivalent 
to or precedes B$ alpha
be tical ly .  

The stri ng A $  i s  equivalent 
to . or fol l ows B$ al pha
be t ically . 

The s trings A$ and B$ are not 
alphabe tically equal . 



� . 1  Loeical Operators 

Logical opera tors 
re lati onal . ex pressi ons . 
·sequences o f  s t a tement s :  

are typically 
For example , 

1 00 IF A = B THCJ1 1 50 
1 1 0 IF C < D THEil 1 50 

a nd 

200 IF A <> 5 THEN 220 
2 1 0  I F  B = 1 0  TIII.:ll 250 
220 

used · as 
consider 

Bool ean operators i n  
the fol lowing two 

In bo th pascs the 
operators A UD and on. 
single s t atement : 

sequences can be simpl ified by using the logical 
The first two s tateme nts can be combi ned i nto a 

1 00 I F  A = B OR C < D THEN 1 50 

Similarly , the second seq uence of stateme nts  i s  equivalent  to : 

200 IF A = 5 Til EN IF Tl = 1 0  THEN 250 
220 

Thi s  can be further s it;:p l i ficd t o :  

200 I F  A = 5 ! HID I3 = 1 0  TI IEIJ 250 

Fol l o.,l ing the rul e s  of £3oolcan alcebt· a , the unary operator NOT will 
change true i nto false a nd vice  v e rs a .  For exampl e :  

1 0 0  IF A < >  5 THEN 1 50 

i s  equi valent  to : 

1 00 I F  NOT ( A =5 ) THEil 1 50 

Hare complex expressions can be constructed by using combi natio�s of 
t he · AND , OR , and N OT operators . 

Logical opera tors may also be uoed for bi t manipulation and 
Bool ean algebraic func ti ons . The AND , OR , and NOT operators convert 
t he ir argur.1ent s  i nto sixteen bi t ,  signed , tHo ' s  c ompl emen t  i ntegers in 
the range -3 27 6 8  t o  32167 . After the operations are performed , the 
resu l t  i s  re turned in the same form a nd range . I f  the argume nts  are 
not i n  this range , a CF error me ssage will be pri nted and execu tion 
will be termi na ted . Tru th tabl e s  for the l ogical operators �ppear 
below .  The opera ti o ns are performed bi twise , that i s ,  corre spondi ng 
bits  �f e ach argu�ent are examined and the resul t compu ted o ne bi t a t  a 
time . I n  bi nary operations , bi t 1 i s  the mos t significant bi t o f  a 
byte and b i t 0 i s  the least sicnificant . 

b 
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.,. 
\. 

' ,.......-

AND 
X y X AND Y 

1 1 1 
1 0 0 
0 1 0 
0 0 0 

on 
X y X AND Y 
1 1 1 
1 0 1 
0 1 1 
0 0 0 

NOT 
X HOT Y 
1 0 
0 1 r!'i . .  ' 

Some exampl e s  Hill  set•ve to  shou hoH the l ogical operators uorl{ :  

6 3  MID 1 6 = 1 6  

1 5  AND 1 4 = 1 !1 

- 1  AUD 8 : 8  

4 O R  2 = 6  

1 0  O R  1 0 = 1 0  

- 1  OR -2= - 1  

NOT 0 = - 1  

NOT X= - ( X+ 1 ) 

6 3  = bi n�ry 1 1 1 1 1 1  and 1 6  = bi nary 1 00 0 0 , so 
63 AHD 1 6 = 1 6  

1 5  = bi nary 1 1 1 1  and 1 4  = bi nary 1 1 1 0 , 
1 5  AND 1 4  = binary 1 1 1 0 = 1 4  

so 

- 1 = bi nary 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  a nd B : bi nary 1 00 0 , 
so - 1  AND 8 = 8 

4 = bi nary 1 0 0 a nd 2 = bi nary 1 0  so  4 OR 2 = 
bi nary 1 1 0 = 6 

b i nary 1 0 1 0 OR ' d  wi th i t s e l f  is 1 0 1 0 = 1 0  

- 1  = bi nary 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  a nd -2 = 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 ,  so  - 1  OR -2 = - 1  

the bi t compleme nt o f  sixteen zeros i s  sixteen 
ones , which i s  the two ' s  complement 
repre sentation of  - 1  

the �•o ' s  compleme n t  of  any numbe r is  the bi t 
complement plus one . 

A typi cal use of logical operations i s  "rnaski ng"--test ing a binary 
number for s ome prcde t e 1·mi ncd pa t tern of bi ts . Such numbers might come 
from t he cornp u ter ' 3  i nput por t s  and Hould then refl e c t  t he condi tipn of  
some ext ernal device . 

, 
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4 . 8  The IF • . •  THEN and I F  . • .  GOTO Stat ements 

The IF-TIIEN s t a temen t  is used to transfer cont rol cond i t ionally 
from the nor�al consecu tive order of s tateme n t  numbe rs , depending u pon 
t he truth of some �athemati cal relation or relations . The basic form 
of the IF s tate�en t  is as follows : 

Til EN 
IF expression line nu!Tibcr 

GOTO 

where ' expression ' is an ari thme tic expression . If the resul t of t he 
expression i s  nonzero ( truo) , exe cution begins a t  the l ine number given 
and proceeds as usual . If the value o f  the  expre s sion is z e ro ( false) , 
the next s t a te�e n t  i n  n�me rical order will be execu ted . Usual ly the 
s tatement �s of the form : 

TIIE!J 
IF expression rel . op . expression l ine number 

GOTO 

In this case , expressions cannot be mixed ; b o t h  mu s t  be s tring o� both 
mus t  be numeric . Uur.1eric compari sons arc handled· as described i n  4 .  6 .  
String compari sons are pcrforQed on the ASCI I values of t he strings as 
described i n  4 . 6 . 1  and Appendix E .  The rcl . op . ( relat ional operator) 
mus t  be as  descr i be d  in 4 . 6 ,  and the l i ne numbe r is the l ine of the 
program to which control i s  cond i tiona l ly passed . 

I f  t he value of the c x p r c � s i o n  i s  t rue , con trol passes to the l ine 
numbe r specified . If the value of the expression is false , control 
pa�se s  to t he next sta teme nt in  sequence . For exampl e :  

30 IF A: B THEN 20 110 I F  1\07 1 GOTO 20 
!JO PRlfJ T  A-t-I3 5 5  P R I N T  A 
50 PHIUT A"2 60 D = A+D+ *C 

An alt ernate form of the IF . . •  THmJ sta teme n t  i s  as fol l ows : 

IF expression THEN sta tement 

where the statement i s  any val id DISK I3ASIC s t at ecie n t .  Note that  
mul tiple s tatements  can  fol low the THEN if they  a re �cparated by colons 
( : ) • Hi th this  form of the IF • . •  TIIE!J s tateme n t , i f  the expression 
evaluates to non- zero ( true ) , the stateme n t s  fol lowi ng the THEN ar� 
execute d . Otherwise , con t rol passes to the next numbered l i ne . For 
example : 

1 0  A= 1 0  
20 I F  A= 1 0  THEN PRINT "TRUE" : GOTO 40 
30 P R IU T  " FALSE" 
l!O END 
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4 . 9  The FOR and NEXT Statements 

FOR a nd N EXT statements define the beGi nni ng and end of a loop . 
( A  loop i s  a se t of i nstruc tions which are repeated over and over 
again ,  each time being modi fied i n  some way u n t i l  a terminal condi tion 
is reached . )  The FOR statement i s  of the form : 

FOR variable = expression1 TO expressi o n2 STEP expression3 

where the variable is the inde x ,  expression1  is the i ni tial value , 
expressi on2 i s  the termi nal value , and expression3 i s  the increme ntal 
val u e .  For e xaralpl e :  

1 5  FOR K=2 TO 20 STE P  2 

causes the progra� to exe cute the de si0nated loop as l ong as K i s  less 
than or equal to 20 . F.ach time throuGh the l oop , K i s  incremen ted by 
2 ,  so the loop i3 i s  executed a to tal of 1 0  time s .  After executing the 
loop , whe n 1\=20 , prograra control passes to t he l i ne foll ouing t he 
associ a t ed HCXT s t a tement , a nd the value of K i s  22 . 

The i ndex variable mu s t  be u nsubscrip ted , al though such loops are 

commonly used i n  dec:.l in� \lith sul.Js crip ted variables .  I n  such a c a��� 
tl1e control variable i s  used as the subs cript  of a prev iously defin0� 
variabl e .  The expressions i n  the FOR s ta teme n t  can be any accep table 
BASIC expression . 

The NEXT s tatement signals the end of t he loop which began with 
the  FOR s t a tement . The NEXT s t ateme n t  i s  of the form : 

NEXT variable 

where the variable is the same variable specified in the FOR s ta teme n t .  
The variable i � . ac tual ly optional , since any llEXT s t a t eme n t  e ncoun tered 
is assumed by the computer  to be closing the l oop for the appropr iate 
FOR variabl e . Toge ther the FOR and NEXT sta tements  define the 
boundari e s  of a program loop . When exe cution e ncoun ters the NEXT 
statement ,  the computer adds the STEP expression value to the variable 
and checks to see if the variable is s t i l l  l e s s  than or equal to the 
terminal expression value . Whe n  the variable exceeds the terminal 
expression value , c on t rol fal l s  through the loop to the statemen t  
fol lowi ng t h e  l lEXT s t ateme n t .  Note t h a t  t h e  variable i s  not necessary 
since when a llEXT s t atement  is encountered i t  i s  assumed i t  i s  for the 
appropriate FOR l oop variabl e . 

I f  the STEP expression and the word STEP are omi t ted from the FOR 
s tatemen t ,  + 1  is the assumed value . Since +1 is a common STEP value , 
that portion of the s t a teme nt i s  freq uently omit ted . 

The express ions wi thin the FOR s ta teme nt are evaluated 
i ni tial e ntry i nto the loop . The test  for c omple tion of 
made after each execution o f  the loop . ( If t he t e s t  fails 
the loop i s  still executed once . ) 

, 
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The i ndex variable can he modified w i thin the loop . When c ontrol 
fal l s  through the l oop , the index variable retains the value used to 
fal l  thr ough the l oop . 

The fol l owing is  a demonstration of a simple FOR-MEXT loop.  The 
loop i s  exe cuted 1 0  time s ;  the value of I is 1 1  whe n  control l eaves the 
loop ; and +1 is the assumed STEP value : 

1 0  FOR I= 1 TO 1 0  
20 P IUIJT I 
30  NEXT I 
LIO PRillT I 

The loop i tsel f i s  defined by l i nAs  1 0  through 30 . · The numbers 1 
through 1 0  are pri nted Hhe n the loop i s  execu t e d .  After I= 1 0 ,  control 
passes to l i ne 40 which causes 1 1  to be pr·inted . If l i ne 1 0  had bee n :  

1 0  FOR I = 1 0  TO 1 STE P - 1 

the value printed by l i ne 40  woul d  have been 0 .  
The foll owing loop i s  executed only once since the value of I=4 4  

has been reached and the termination condi tion i s  sati sfied . · 

1 0  FOR I = 2 TO 4 �  STEP 2 
20 I = 4 11 
30 NEXT I 

If the i ni tial value of the variable 
val ue , the loop is  s t i l l  executed once . 
sta temen t :  

1 0  FOR ! = 2 0  TO 2 STE P 2 

is  greater than the terminal 
The loop s e t  up by the 

will be executed only once altl1ough a s tatement  l ike the foll owing will  
· ini tialize execution of a loop properly : 

1 0  FOR I = 20 TO 2 STE P -2 

For posi tive STE P value s , the loop is executed until  the control 
variable is greater than i ts final value . For negative STEP values ,  
the loop continues unti l the control variable i s  l e s s  than i t s  final 
value . 

FOR loops can be nested but  not overlapped . The d e p t h  of nesting 
de pends upon the amount  of user storage space availabl e ; i n  o t her 
\.ZOrds , upon the size of the user program and the amount of RAI1 
available . Nesting is a programming technique i n  which one or ffiore 
loops are c omi>lctely within another loop . The field of one loop ( the 
numbe red l i nes from the FOfl sta teme nt  to the corresponding NEY�: 
statement , inclusive)  mu st not cross the fie ld of anothe r  loop . . For 
example :  
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ACCE PTABLE N ESTIIIG UNACCEPTABLE NESTING 
TECHNI QUES . TECHNIQUES 

THo- Level l�e s t i ng 

1 0  FOR I 1  = TO 1 0  d1 0  FOR I 1  = 1 TO 1 0  
r20 FOH I2 = TO 1 0  20 FOR I 2  = 1 TO 1 0  

30 NEXT I2 30 NEXT I 1  
[lW Fon I 3  = TO 1 0  4 0  HEXT I2 

50 UEXT I3 
60 NEXT I 1  

Three-Lev e l  l !esti ng 

1 0  FOTI I 1  = TO 1 0  1 0  FOR I 1  = 1 TO 1 0  
'20 FOTI I2 = TO 1 0  20 Fon I2 = 1 TO 1 0  

[30 FOR I 3  = TO 1 0  [30 FOn I3 = 1 TO 1 0  
l.! O  l!EXT I 3  li O  NEXT I3 

rso For I4 = TO 1 0  [5 0 FOH I4 = TO 1 0  
60 HEXT Ill GO  HEXT Ill  
70 I I  EXT I2 70  l!EXT I 1  
80 I !EXT I 1  80 NEXT 12 

I t  is pozsiblc to exi t frota a FOR-llEXT loop \vi thout the contr�: 
variable reach i ng the termini:\ tion value . A condi tional er e  
uncondi tional tran3fer cnn be used to l eave a loop . Control can only 
transfer i n to a loop which has bee n left earlie r ui thou t be i ng 
CO!ilplc ted , e nsur i nG t h a t  termination and STEP valu<:s are assigned . 

Both FOB and NEXT state!Uents can appear anywhere i n  a mul tiple 
s t a t ement l ine . �or exampl e :  

1 0  FOR I =  1 TO 1 0  STE P 5 :  NEXT I :  P R INT " I = " ;  I 

caus e s : 

I= 1 1  

to be pri nted when executed . 
I n  the case of n e s t e d  l oops whi ch have the same e ndpoi nt , a s i ngle 

NEXT s ta tement o f  the fol lowinG form can be used : 

NEXT varia bl e 1 ,  . • •  , variable N 

The first variable i n  the l i s t  mus t  be that of the mos t re cent loop , 
the second most re ce n t , and so o n .  For exampl e :  

1 0  FOfi I= 1 TO 1 0  
20 FOR J: 1 TO 1 0  
30  
1 00 N E X T  J , I  
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5 .  FUNCTIONS AND SUBROUTINES 

5 . 1  Func ti ons 

BASIC provides  func tions to perform certain s tandard �a thema tical 
operations which arc frequently used and t irne-consuwing to program. 
These func tions hav e thrco or four l e tter call names fol lor1ed by a 
parenthesized a r�Uiaen t .  They are pre-defined and may be used anyHhe re 

i n  a . program .  

Call t1arJe 

ABS( x )  

ATU( x )  

CALL ( x )  

CO.S ( x )  

EXP ( x ) 

FRE ( x )  

INT( x )  

INP ( x )  

LOG ( � )  

PEEK { x )  

POS ( x )  

mm ( x ) 

SGN ( x )  

Func ti on 

Re turns t he ab solu t e  value of x .  

R e turns the arc tan�e n t  o f  x a s  a n  an�le i n  
rad ians i n  rRn;jc ± 'ii / 2 ) , where 'ii = 3 . 1 lt 1 5 9 . 

Call the user uach i ne la nguage proeram at 
dec imal location 3328 2 . ( 820 2 HEX) The D , E 
rcGi3ters have va lue of X upon entry and 

· value of Y upon re turn frog machi ne l a nguage 
routine . 

Re turns the co�ine of  x radians . . 

Returns the valu e  of  e where c = 2 . 7 1 828 . 

Returns the nu�bcr of  free bytes not in  use . 

Returns the greatest integer less than or 
equal to x .  

Returns a byte from inpu t  port x .  The rarige 
for x is 0 to 25 5 . 

Retu rns the na tural logarithm of x .  

Re tu rns a byt e  from 
-327 6 B <x<6 5 5 35 i or i f  x 
memo ry address is  655 36+x . 

R e turns the v.:Ilue of the 
posi tion be t\vecn 0 and 6 3 . 

memory address 
i s  negative the 

curre nt cursor 

" I ' ' 
R c tut'ns a ra ndom number be tween q a nd 1 • 

Re turns a - 1 ' 0 ' or 1 , indicating the sign of 
x .  � 
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Re turns the s i ne of x radians . SIN ( X )  

SPC( x )  Causes x spaces to be ee ncrated . ( Va l id o nly 
in a PR INT statewc n t ) . 

SQR ( x )  Re turns the square root o f  x .  

TAB ( x )  Causes the cursor t o  space over t o  column 
number x. ( Valid  i n  PR INT s t a temen t  only ) . 

TAU ( x )  Re turns tho tange n t  o f  x radi ans .  

The argume n t x t o  t h e  func t i ons c&n b a  a constan t ,  a var iable , an 
expression , or another fun ction . Sq uare bracke ts cannot be used as the 
enclosing charac t e r s  for t h e  &rgu�cnt x, e . g . SIH [ x ] is i l legal . 

Func tion cal l s ,  consis tinG o f  the fu n c t i o n  nar,JC· fol lO\�e d  by a 
parenthesized argument , c;:�n be used a s  expre s si ons anywhere that 
express ions are l egal . 

Val ues produced by the fu nctions SIH( x ) , COS ( x ) , ATN( x ) , SQR ( x ) , 
EX P ( x ) , a nd LOG ( x )  hav e six sienificant diti t s . 

5 . 1 . 1  The Si ne and Cosine Functions ; SJH ( x )  and COS( x )  

The SIN and COS func t i ons z ·cquire a n  argume nt angle expressed i n  
radians . If the anGle i s  �; tuted i n  degr ees , conve l' 3i o n t o  radians nay 
be done u s i ng the i d e ntity : 

1·adians � d ecrees * ( 'ii I 1 SO ) , .. r-. I ' 
In the fol l ow i ng example program , 3 . 1 4 1 5 9  i s  u sed a s  a nomi nal 

val ue for 'ii • P i"s .set equal to thb v a l u e  a t  l i ne 20 . At l i ne lW the 

above re l a t i onshi p i s  used to convert the input v alue into radi a ns .  
Note the usc o f  the TAB func t ion t o  produce a more l eGi bl e printou t .  

1 0  RE�1 COUVEnT AUGLE ( X ) TO nADI ANS·, AND 
1 1  REM FIUD SIN AND COS 
20 p = 3 • 1 11 1 5  9 
25 PRillT " DEGREES " , ,  11 11 ADIANS11 , ,  "SHJE" , ,  "COSINE11 
30 FOR X = 0 TO 90 STE P 15 
40 Y = X* ( P/ 1 80 )  

. 60 PRINT X ,  Y ; TA3 ( 3 2 ) ; SIN( Y ) ; TAB ( 4 8 ) ;  COS ( Y )  
7 0  NEXT X 

RUN 
DEGREES RADiti.IJS SINE 

0 .  0 0 
1 5  • 26 1 799 . 25 8 8 1 9 
30 • 5 2 35 9 8  . 5  
1!5 • 785 39 8  . 707 1 0 6  
60  1 . 0 11 7 2  . 86 60 25 
75 1 . 309 . 9 65926  
90  1 . 5708  1 . 

!J 
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5 . 1 . 2 The Arc tangent and Tan�o nt Func t i ons ; ATN ( x ) and TAN ( x)  

The arc tangent func tion returns a value in radian measure,
· 

in the 
range - 'ii / 2  to + 'ii / 2  corresponding to the value of a tangent supplied 
as the argument ( x ) . 

In the fol lowing program , the input is an angle in degree s .  
Dogrcc s  are then conve r ted t o  radians a t  line 50 . A t  line 70 t he 
tangent · value , Z ,  i s  suppl ied as t he argume n t  to t he ATH function to 
derive the value found on coluhln 4 of the pri n tout u n d e r  the label 
ATU( x ) . Also i n  line 70 the rad i a n  v a l ue of the arctangen t function is 
conv er ted back to d ecrees and pr in ted in the fifth column of the 
pri ntou t as a check aga i n s t  the i nput va lue shown in the f i rs t  colum n .  

5 .  1 .  3 

shmm 

1 0  p = 3 . 1 4 1 5 9  
1 5  PHni T 
�0 PRINT "ArJGLE11 1 11 A l'lGLE" ; TAD( 20 ) ; "TAU ( X ) " ;  
2 1  PI U!lT T!ID( 32 ) ; " ATAIH X ) " ; , " ATJ\.H( X ) 11 

25 PRINT " ( DEGS ) " , 1 1 ( RA DS ) 11 1 1 1 11 ( R !IDS ) " , " ( DEGS ) " 
30 FOR X = 0 TO 1 15 STEP 1 5  
35 PRINT 
40 FOR X = 0 TO 7 5  STE P 1 5  
5 0  Y = x -::· p; 1 80 
60 Z = TA !J ( Y )  
7 0  PRIU T  X ,  Y ; TAI3 ( 20 )  ; 7. ; T/\I3 ( 3 2 )  ; /\ TU ( Z )  ; T J\.B( Il 8 )  ; ATU( Z ) ;c 1 80 / P  
8 0  ll EXT X 
RUN 
/lllGLE /\ l lGLE TAl l (  X )  
( DEGS ) ( RADS )  

0 0 0 
1 5  . 2 1 '7 99  . 26 7 9 4 9  
30 . . 5 235 9 8  . 5 7 7 35 
45 . 78 5 3 9 8  . 9 9 9 9 9 9  
6 0  1 • 0 !1 7  2 1 .  7 3 205 
75  1 .  309 3 .  7 320 !! 

The Square Root Function ; SQR ( x )  

This func tion d e r i ve s  the 
belmv : 

1 0  INPUT X 
20 X = SQ R (  X )  

3 0  PRIUT X 
4 0  GOTO 1 0  
RUN 
? 1 6  

4 
? 1 000 

3 1 . 6 228 
( LINEFEED ) ( RETURN ) 
READY 

square root 

AT/\N ( X )  ATAli ( X )  
( HADS ) ( DEG S )  

0 0 
. 26.1 7 9 9  1 5  
. 5 235 9 8  30 
. 7 8 5 398  1!5 
1 .  0 11 7 2  6 0  
1 .  309 75 

o f  any pos i tive number 

If the arguraent is negative , a CFt error w i l l  resul t .  
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5 . 1 . 4 The Expone n t i a l  and Lo�ari thmic Funct ions ; EXP ( x ) and LOG ( x )  

The exponential function raises the number e t o  the power x .  EXP 
is the inverse of the LOG function.  The rela tionship i s :  

LOG ( EXP ( X ) ) = X = EXP ( LOG ( X ) ) 

The fol l ovlinc prograr.l prints the expone ntial equivale n t  of an 
i nput val ue . 

1 0  INPUT X 
20 PRINT EX P ( X ) , LOG ( EXP{ X ) ) ,  EXP ( LOG ( x ) ) 
30 GOTO 1 0  
RUN 

f?87 
6 . 0 7 6 0 1 E+37 

? . 00 3 3  
1 . 00 3 3 1  

? 1  
2 . 7 1 8 28 

87 87 

3 . 29 9 9 E-0 3 

1 

3 . 3E-0 3 

Logari thms to the b<lse e l •lC\Y easi ly be converted t o  any o ther base 
using the fol lmJint; formu l a : 

log I� = a 

log H e 
log e a 

where a re presents the desi red base and e = 2 . 7 1 828 . 
program i llustrates conversion to  the bases 1 0  and 2 .  

The followin,G 

1 0  PRINT 1 1VALUE" , " BASE E LOG 11 , 11 BASE 1 0  LOG " , "BASE 2 LOG " 
20 INPUT X 
30 P RINT X , LOG ( X ) ; TAB ( 2 4 ) ; LOG ( X ) / LOG ( 1 0 ) ; 
4 0  PRINT TAB ( 4 0 ) ; LOG ( X ) / LOG ( 2 )  
5 0  GOTO 20 
RUN 
VALUE BASE E LOG BASE 1 0  LOG BASE 2 LOG 
? 1  

1 
?ll 

l.l 
? 1 0  

1 0  
? 1 00 0  

1 000 

0 

1 .  3 8 6 29 

2 .  3 0 25 9 

6 . 9 0 7 7 6  

0 

• 6020 6  

3 

0 

2 

3 . 32 1 9 3  

9 . 9 6 5 7 9  

r .... � · . ·' 

An a t tempt to find the LOG of zero or of a ncga t�ve number caus e s  a CF 
error message . 
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5 . 1 . 5 ·  The Absolu te Value Function ; ABS ( x ) 

The ABS func t ion returns the absolute value o f  any argumen t. The 
absolu te value is the argument i tself  with a pos i tive sign . For 
example t he absolu te value of both 3 and -3 is 3 .  The ADS function may 
be illus trated as fol l ows : 

PRINT ABS( 1 2 . 3 4 ) , ABS( -23 . 6 5 )  
1 2 . 3 4 23 . 65 

5 . 1 . 6 The Gre atest I ntee;e r Func tiou ; INT( x )  

The greates t  i n tecer 
in teger not ereater t han x .  

fRIH T !NT(  3 4 . 67 ) 
311 

PRlUT INT( 1 1 )  
1 1 

function I'e turns the value of the crcates t 
For' cxar.1pl e :  

The !NT of a nega tive number is a nega tive numbe r H i t h  tho same or 
larger absolu te value , i . e . , the same or sma l l e r  alcebraic value . For 
exar.1ple : 

PRINT IHT( -23 . 4 5 ) 
-211 

PRII'IT INT(  - 1 1 )  
- 1 1 

The INT func tion can be use d  to round nUI!lbers to the nearer''; 
i ntege r ,  using INT ( X+ . 5 ) . For cxa�ple : 

P R IN T  INT( 3 4 . 67+ . 5 ) 
35 

PRINT INT( -5 . 1 + . 5 )  
-5 

INT( i) can also be used to round to any given decimal place or 
integral �ower of 1 0 , by using the fol l owine expression as an argument : 

Hhere D i s  an i n teGer suppl ied by the user. 
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1 0  REt·! INT FUHCTIO:I EXA!1PLE 
15 PIUUT 
20 P R INT " NUMBER TO DE ROUCDED : "  
25 IlJPUT II. 
4 0 PRillT " N O .  OF DF�CII1AL PLJI.CES : "  
4 5  INPUT D 
60 D = INT( A * 1 o ·n + . 5 ) / 1 o • o 
70 PR INT " NUMBER ROUNDED = " ; B  
80 GOTO 1 5  
RUti 

NUI1BER TO BE ROUJ!DED 
?55 . 65 3 4 2  
NO.  O F  DECIMAL PLACES : 
?2 
NUMBED ROUNDED = 55 . 66 

NUMDER TO BE ROUHDED 
?78 . 375 
NO . OF DECil lAL PU.CES : 
?-2 
lJUHI32R ROUilDED = 1 00 

HUI-1BER TO BE ROUNDED 
?67 . 38 
UO.  OF DECI!l.li.L PL ACES : 
?- 1 
liUHBER ROUIIDED = 70 

IWHBER TO BE ROut!DED 
? ( LINEFiED)  ( RETUnN)  

READY 

5 .  1 .  7 The· Random llurr,ber  Func tion ; RHO( x )  

The random numbe r fu nction Pl'oduccs a random number,  or random 
number set b e tween 0 and 1 .  The numbers are reproducible in the same 
order after the ESC , E sequence if X>O for later che cking of a 
program . I n  DISK BASIC the form RHD withou t arguments i s  not legal . 
For example :  

1 0  P R IN T  " RA!JDOH IIUliBERS :  
30 FOR I = 1 T O  B 
4 0  PRINT RND( I ) , 
50 NEXT I 
Rutl 
R ANDO!-! tlU!-1BERS : 

- ... 

. 1 00 25 0  

. 8 390 1 9  
. 9 6 8 1 3 11 

. 306 1 2 1  
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To obtai n  random digi ts from 0 to 9 ,  line 40  can be changed to  read : 

40  PRINT INT( 1 0 *RND( 1 ) ) , 

This time the resul ts will be printed as fol l ows : 

R ANDOI-I IHH1JJEHS : 
8 9 3 
2 

5 6 1 8 

It  is  possible  to generate random numbers over a gi ven range . If the 
open range ( A , B) is  desired , use the exprc� sion : 

C D-A)  *Rl.JD ( 1 ) +A 

to pro duco a random number i n  t h e  ranee A < n < D .  
The fol l ow i nfi progr�m produ c e s  a random number s e t  i n  t he open 

range ( 4 , 6 ) . The cxtrorne 3 ,  4 a nd 6 ,  a r c neve r reached . 

1 0  RE:·1 RP.NDOH !'llll·:OER SET IU OPEN Ht.HGE 11 , 6  � 
20 FOR D = 1 TO 8 
30 A =  ( 6 -4 ) � RND ( l )  + 4 
4 0  PRIN T  A ,  
5 0  NEXT B 
RUN 

lL 2005 4  
4 . 9 9 1 25 

5 . 9 29 6 2  
5 . 0 211 20 

5 .  77 3 25 
4 .  l fl 8 25 

5 . 27288 
5 . 999 89 

Uegativc areumen t.s , i . e .  nllD ( - 1 23 ) , Hill  start a neH random number 
sequence , whil e  RND ( O )  will always generate the las t random number .  

5 . 1 . 8 The Sign Func tion ; SGII ( x )  

The si gn function re turns the value 1 if  x is  a posi tive number ,  0 
if x i s  0 and - 1  i f  x i s  negative . For e xampl e : 

1 0  REH SGN FUiJCTIOl'l EXAl·IPLE 
20 READ A , B , C  
25 PRINT " A  = "A , "D = " B , " C  
3 0  PRINT " SGN ( A)  = "SGH( A ) , 
4 0  PRINT " Sml ( C )  = 11SGN (  C )  
50 DATA -7 . 32 ,  . 4 4 ,  0 
RUN 
A = -7 . 32 
SGN ( A )  = - 1  

B = . 4 4  
SGH( B). = 

= " C  
"SGN ( B) = 11 SGN ( B) , 

c = 0 
SGt- 1 (  C )  = 0 
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5 . 1 . 9 The Position Fu nc tion ; ·  POS( x )  

The POS functi on returnn the curre nt x coordi nate of the cursor ' s  
posi tion . I t  i s  most often used to de termine \lhe thcr or not a 
particular program resul t ,  either stri ng or nume ric , wi ll  fit  on a 
eiven l i ne . By use o f  the POS( x)  func t i on ,  the correct placeme nt of 
the answer can be easily de term i ned . 

5 . 2  User Defined Func tions 

In so�e programs i t  may 
of statemen t s  or uathcca tical 
BASIC all ow s  defi nition of 
cal l i ng of  these functions in 
mathematiec->1 functions . 

be necessary to execute t he same sequence 
forr;Julas in  several di fferent places .  

unique operations or expesslons and the 
the sane way as  the predefined s tandard 

These user d efined fu nctions are d escribed by a function name , the 
first tHo l e tters of wl!ich are FN fol lowed by · any acceptable BASIC 
variab le name . For exampl e :  

Lesal 

Ftl A 
FUM 
FUA 1 

Iller;al 

FHA$ 
FN2 

Each function 
the program . 

i s  de fi ned once and the definition way appear a nywhere i n  
The defj_ n i nG or DEF s tateme nt i s  formed a s  foll oHs : 

DEF FNh ( a rr;umen t )  = expression 

Hhere A is  a val'ial>le name . The ar�:;urac n,t wust b e  :1 simple variable . 
The expression  may contai n the argument variable and a ny other progrp� 
variables . For exa�pl c :  � 

1 0  DEF FNA ( S) = SA2 

causes a later stateme nt : 

20 R = FHA (  II ) + 1 

to be evaluated as R = 1 7 .  As another exampl e :  

5 0  DEF FNB( A )  = A+XA2  
60 Y: FNB( 1 ll )

. 

causes t he function to be evaluated with the current  value of the 
variable X within the pro�ram . The t-...w foll owing p ro�rams : 



1 0  DEF FNS( A )  = A"A  
20 FOR I= 1 TO 5 
30. PR irlT I , . FHS ( I )  
4 0  l iEXT I 

cause t he same outpu t :  

RUN 
1 1 
2 4 
3 27  
4 25 6 
5 3 1 25 

1 0  DEF FNS( X )  = X"X  
20  FOR != 1 TO  5 
30 PRINT I ,  �N S ( I )  
l.J O  NEXT I 

i.J::;er d e fi ned fu nc tions cannot hav e several argume nts , a s  shO\o/11 b e l O\.J : 

Such a s t a t eocnt w i l l  cause �n error of the type : 

SN ERROR HI 25 

When c a l l i ng a user d efi ned func t i o n ,  the pare n t hesi z e d  argume nt 
can be any lcsal expression . The value of the expre ssion is 

· subs t i tuted for the argume n t  variable . For example :  

1 0  DEF FNZ ( X )  = X"2 
20 A=2 
30 P R INT FHZ ( 2+A)  

Line 30 causes t h e  re sul t 1 6  to be print e d . 
If the s ame func tion n ame is defined more than once , then the l a s t  

defintion ( t he one H i th tile higher l i ne numbe r) Hill b e  used . The 
program belOi-1 : 

1 0  DEF FUX ( X )  = X"2 
20 DEF FNX( X )  = X+X 
30 A=5 . 
4 0  PRINT FNX( A )  

wi ll cause 1 0  t o  be printed . 
The fun c t i o n  variable n e e d  n o t  appear i n  the func t i on expression 

as s h oun below : 

1 0  DEF FNA ( X ) = 4 +2 
20 R= FHA ( 1 0 ) + 1  
3 0  PRI!lT R 
RUIJ 
7 
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5 . 3  BASI C  S tr i ng Fu nc tions 

Like the i ntrinsic mat hemati cal func tions described above , BASIC 
contains various fu nc t ions for usc wi th character s t r i ngs . These 
func tions al low the program to conca tenate two s t ri ngs , access  par t of 
a s tring, de termi ne the numbe r  of characters in a s tr i ng ,  generate a 
charac ter s t r i ng corresp9nd i ng to a given numbe r or v i c e  versa , and 
perform o ther u�cful opera tions . The various funct ions avai lable are 
su�Qa rized in the fol l owing table . 

Cal l Name 

ASC ( x $ )  

CI! Tl $ (  x )  

FRE( x �� )  

LEFT$ ( x$ , I ) 

LEt! ( x $ )  

HID�; ( x$ , I ,  J )  

STRJUG FUNCTIONS 

Function 

R c tm·ns the eigh t bi t i n ternal ASC I I  code 
( 0 -25 5 )  fo1· the one- charac ter s t ring. If the 
arcument contains more than one character , 
then the code for the f i r s t  character i n  the 
s trine is returned . A value of 0 i s  re t urned 
if the areuQent is a nul l s tr i ng ( LEH( x$ ) =0 ) . 
( Sec ASCII codes i n  Appendix E ) . 

Ge nerates a one- character s t ri ng h av ing t he 
ASC I I  value of x where x i s  a numbe r  greater 
than or e q ual to 0 a nd less  than or eq ual t o  
255 . Only one character can be. ge nera ted . 

Re turns number o f  free s t r i ng by tes . 
CLEAR s t a tement  i n  3 . 1 1 )  

( Sec 

Re turns left-mos t I c haracters of string 
( x$ ) . I f  I >LEN( x$ ) , then x$ i s  re turned . 

fle turns the number of characters i n  the · tl?<� 
stri ng x$ , wi t h  non- printing charac ters ana 
blanks being c ounted . 

J is optional . Without J , re turns r ight-most 
characters from x$ begi nning with the Ith 
charac ter .  If  I >LEN ( x$ ) , HID$ re turns the 
null s tring. Wi th 3 areume n ts , it re turns a 
string of l ength J of characters from x$ 
beginning with the I t h  charac te r .  If  J is 
greater than the numbe r if charac ters in x$ 
to the righ t of I ,  MID$ re turns the res t of 
the s tring.  Argumen t range s : O < I<=255 , 
O < = J< = 25 5 . 
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R IG HT$ ( x$ , I ) 

STR $ ( x )  

VJ\L ( x$)  

R e t�rns righ t-mo s t  I chara c t e rs of i tring 
( x$ ) . I f  I >LEN( x$ ) , the n  x$ i s  returned . 

R e turns the string which re presents the 
numeric value of x as it would be p r i n ted by 
a PRINT s t a temen t .  

r. e turns the numbe r r·e presentcd b y  the s tring 
x$ . I f  the first charac t e r  o f  x$ i s  not + ,  
- , or a diei t ,  then the value 0 is r e tur ned . 

I n  the above exawpl e ,  ;:� and y$ represent any l ec;al s tr i ng 
expressions , and I and J re present any l ecal ari t hme tic expres sions . 

NOTE : Unl ike the ma thema t i cal fu nc t ions , character s tring 
functions cannot be d efined by the use r .  Similar resul ts can be 
obtained b.y the use o f  ::.;ubJ�o u t i nes , a s  d e scr ibe d i n  Section 5 . 4 .  

5 . 4  Subrou tines 

A subrou tine is a section of a procram performing some operation 
required at more than one poi nt i n  the program . Sometimes a 
complicated I / 0  opera tion for a vol uce of da t a , a mathema tical 
evaluation wbich i s  too compl ex for i user d e f i ned func tion , or any 
number of o ther' processes 1 .:ay b� best pe rformed in a subrout i ne . 

Hare than o ne subroutine can be used i n a :J i ngle progl'<.!la ,  i n  \lhich 
case t hey arc b e s t  placed one after the o th e r  i n  l ine number sequence 
before the DATA s t a teme n t s .  It is a usefu l  practice to assicn 

· d i s t inctive l i ne numbers to subrou t i ne s . For exanplc ,  if the mai n  
program uses l i ne nu�bers u p  t o  1 99 , usc 200 and 300 a s  the f i r s t  l i n e  
numbe r �  of two " subrouti nes . �he n  subrou t i nes · are - i ncluded i n  a 
program , the proaram begi ns execution and continu e s  until i t  encounters 
a GOSUB sta temen t  o f  the form : 

GOSUB l i ne number 

uhere t he l ine number fol lo1-.ri ng the uord GOSUB is that of the first 
iine of t he subroutine . Control then transfers to that l ine of the 
subrou tine . For exampl e :  

50 GOSUD 200 

Control is transferred to l i ne 200 i n  th� user program . The f ir s t  l i ne 
in the subrou tine can be a �emark or any o ther val i d  BASIC s t a teme n t .  

Havina reached t h e  l i ne contai ning a GOSUD s t a teme n t ,  control 
transfers to the l i ne i ndicated after GOSU B ;  the subrou tine is 
processed u n t i l  BASIC e ncounters a RETUP.N s tat.eme n t  of t he forr.1 : 

RETURN 

which causes control to return to the s tateme n t  fol lowing the original 
GOSUB statement . A subrou t i ne ruus t  always be exi ted via a RETURN 
sta teme n t . D 

Be fore transferring to the su brou tine , BASIC i nt e rnal l y  r e cords 
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the nex t  sequ e n t i a l  s t a t cnent to be processed after the GOSUB 

s t a t eme n t ; the RETURN s t a t eme n t  is a si enal to t ransfer control to this 

s t a t ecen t . I n  t h i s  way , no ma t t er how many subrou t i ne s  there are or 

h oH uany times they are c a l l e d , BASI C ah:ays knO\-lS vlhere to t ransfer . 

control next . The fol lowing p rogram demo nstra tes t h e  u s e  o f  GOSUB and 

RETUIUl . 

1 REi-! THIS Pf!OG f! / d-1 ILLUSTRATES GOSUB AND R ETURN 
10 DEF FN A ( X )  : ABS ( INT( X ) )  
20 INPUT A , B , C  
30 GOSUB 1 00 
IW A:Ffl t. (  A )  
5 0  B=FlJ P. (  B )  
60 C: FIJA ( C ) 
70 PRil JT  
,80 GOSUB 1 00 
90 Erm 
1 00 R El 1  T!liS SUDIWUTIIJE PRINTS OUT THE SOLUTIONS 
1 1 0 R EH OF Tl!E EQUATIO!l : AX"' 2 + DX + C = 0 
1 20 PRINT " THE EQUATION I.S " A  u ;:X"'2 + " B 11 �·x + 11 C 
1 30 D: B�l3 -4 � A !�C 
1 lJO IF D<>O THm 200 
1 50 P R DJ T " OHLY O!IE ��OLU TION . . .  X 11 ; -B/ ( 2 'f A )  
1 G O  RETll fl l l  
1 70 I F  D<O THEN 200 . 
1 � 0  PHI !J'f  "THO SOLUTIOIIS • • .  X= 11 ; 
1 85 PRIHT ( - I3+ SQTI ( D ) ) / ( 2 ·� A ) ; 11 ) AHD ( " ;  ( - D-SQR ( D ) ) / ( 2 *A ) 
1 90 RETUJW 
200 PRINT " I MAG I N A R Y  SOLUTIONS . • .  X = ( " ;  
205 PRHIT - B/ ( 2 * A )  " , 11 SQn ( - D ) / ( 2*A ) 11 ) AUD ( 11 ; 
207 P R I:ff -B/ ( 2 ;fA )  II ' II ; -SQR ( -D ) / (  2'�A ) " ) II 

2 1 0  RETUTUI 
900 EHD 

r"'? 
Subrou t i nes can be neste d ; that i s , one subrou t i ne can call 

anothe r subrou t i n e . If the execu tion o f  a subrou t i ne e ncounters a 
RETURN s t a t eme n t , i t  returns control to the s t ateme n t  fol l ow i ng the 
GOSUB which c a l l ed that subrou t i ne .  The refore , a subrou t i ne c a n  cal l 
another subrou t i ne , eve n i t s e l f .  Su brou t i n e s  c a n  b e  e n t e r e d  a t  any 
point and can have more than one RETU RN s t a t eme n t .  I t  i s  possible to 
trans f e r  to the begi nning or any part of a subrou t i ne ; . mu l t i pl e  en t ry 
po i n t s  ana RETURU ' s  r.J<:!ke a subro u t i ne r:�orc v e r s a t i l e . 
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5 . 5  The ON GOTO and ON GOSUD · Statomc n t s  

The ON • • • GOTO state�c nt provides another type of cond i tional 
branching .  I t s  form is as fol lows : 

OU expre ss ion GOTO l i ne nu:nb<::r l i s t  

After the value of the expression i s  truncated t o  nn i nteger i n  the 
rnnge 0 -25 5 , s ay I ,  the s tateme nt causes BASIC to branch to the line 
whose number is Ith i n  t he l i s t . If  I=O or i s  greater than the numbe r 
of l ines i n  the l i s t , exe cution will  con tinue a t  the next l i ne after 
the ON • • .  GOTO s t a temen t .  I f  I i s  l e ss thnn 0 or ereater than 255 , a CF 
crPor uill resul t .  for example , the foll oHinc; sequence of IF 
statement s  can be replaced by � s i ngle OH • • •  GOTO s tateme n t .  Thus ; 

.1 00 IF X= 1 THEH 1 000 
1 1 0 IF X=2 TI !E!J 2000 
1 20 IF  X= 3 TliEH 3000 
1 30 IF X=4 THE!T 4000 
1 4 0 IF >:=6 TIJE:!J 6000 
1 5 0  Y= 1 0  

can be replaced by : 

1 00 0� X G OTO 1 000 , 2000 , 3000 , 4000 , 1 5 0 , 6000 
150 Y= 1 0  

No te that there Has n o  I f  s t a te�ne n t  for X=5 , so i n  the ON • . •  GOTO 
s ta tement the corresponding l i ne num b(� !� is 1 50 , \.Thich is the next l i n e .  

Subroutine s  may b e  c a l l e d  condi t ionally b y  u s e  of t h e  O N  • • .  GOSUD 
statement . I t s  form is as fol l ows : 

OU expression GOSUD line number l i s t  

The execution i s  the same as O l i  • • .  GOTO e x c e p t  t h a t  t h e  l i ne numbers are 
those of the fir s t  l i nes of s u brou t i nes . Exe6u tion continues a t  the 
next sta tement after the ON . • .  GOSUD upon return from one of the 
subrouti nes . 

Dote that ON • • .  GOTO and OH • • •  GOSUB s t atements do not have to be 
the last  execu table stateme nts on a line . 
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6 .  IIRI:AYS 

6 . 1 In troduc t i o n  to Arrays 

Arrays or subscripted variabl e s are mos t  freque ntly used for 
stori nc l i s t s  o f  i nforma tion in  a proeram usinc a single name to refer 
to the l i s t  as a whole and usin3 subscript3 to refer to i ndividual 
1 terns . For exampl e 1 consider the fol l ot.,ri ng l i s t  of 1 2  nu..'llbers 
corre spond i ng to the numbe r  o f  days in nach Month in a non-leap ye ar : 

'3 1 , 2 8 1 3 1 , 30 , 3 1 1 30 1 3 1 , 3 1 1 30 1 3 1 1 30 1 3 1  

The notion o f  subscripts fol lows natural ly .  For i n s t ance , the 5 th i tem 
in the l i s t  co1·rcsponds to the nur:;bcr of days i n  Hay . Using an array 
( list ) o f  size 1 2 ,  named H 1 to refer to all the e ntries  in the l i s t  as 
a \Thol e , t he fifth i t e;m of I I  C E1 11 be sinply denoted as 1·!( 5 ) .  Simil arly , 
the numbe r o f  days in Fcbru2ry is denoted by I I ( 2 ) . I f the number of 
day s  in the I th month i s  d 8sire:d 1 then I I( I)  contains that  valu e . 

I n  the fol lm'li ng exampl e 1 the data val ues are read i n to &. n  array 
whi ch is di�ensioncd to size 1 2  in l i ne 1 0 .  ( Sec Sec tion  6 . 4 )  

The 

1 0  DIM !1( 1 2 ) 
20 FOR I = 1  TO 1 2 :  READ H ( I ) : NEXT I 
30 DATA 3 1 , 28 1 3 1 1 30. , 3 1 1 30 , 3 1 1 3 1 , 30 , 3 1 , 30 , 3 1  
35 m:H PRIHT TIIF. llUi·�DER OF THE l·IOJITH AND DAYS IH EACH t!OUTH 
36 REU ADD UP TilE UU! IBER OF DAYS IN THE HONTHS 
11 0 D=O 
5 0  FOR I= 1 TO 1 2  
6 0  PRI IJT I ,  H( I )  
7 0  D = D+l 1 ( I ) 
80 lJEXT I 
9 0 PRINT " TOTAL DAYS = " 1 D 

resul t i ng ou tpu t from this program i s :  

. Run 
1 3 1  
2 28 
3 3 1  
4 30 
5 3 1  
6 30 
7 3 1  
8 3 1 
9 30 
1 0  3 1  
1 1  30 
1 2  3 1  r. 

TOTAL DAYS = 365 
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I f  t he above program were eXpanded past line 90 the values in  M would 
be accessible at any point during the execution o f  the program unless 
t hey were changed by an assi Gnme nt  or inpu t sta teme n t . 

6 . 2  Subscrip ted. Variables 

The name of a subs cripted variable i 3  any acceptable DASIC 
variable name fol lbwed by one or more inteGer expressions in 
pa1'c ntheses wi thi n the ranr;c 0 - 3 �n67 . Subscl�iptcd vadablc names 
fol l m-1 the s ame nar.�i n::; conv c ntior.s as simple variable s  \li t h  the first 2 
charac ters being signifi c:.mt .  For cX<:.IJple , a l i s t  migh t be described 
as 1\. ( I ) , Hhere I coes from 0 to 5 as shO\m - be l ou : 

A ( O )  , A ( 1 )  , A ( 2 ) , i\ ( 3 ) , !\ ( � )  , 1\ ( 5 )  

This allm1s reference to c �ch of the six elements i n  the l i s t ,  a nd can 
be considered a one d imc n �� i o na l  a lGe b l�ai c 1na trix as fol l ows : 

A ( O )  
1\ ( 1 ) 
A ( 2 )  
A { 3 )  
/\( � )  
A { 5 )  

A t\:o-dimensional 1natrix 13 ( I ,  J )  C u ll  be d e fined i n  a similar rJannc r :  

. D( O , O ) , B ( 0 , 1 ) , B ( 0 , 2 ) , • . .  , n ( O , J ) , • • •  B( I , J ) 

and graphical l y  il lustra t e d as fol l ows : 

B{ O , O )  
B(  1 , 0 )  

D( I , O )  

D( 0 , 1 )  
B( 1 , 1 ) 

B (  I ,  1 ) 

B( O , J ) 
B( 1 I J )  

B ( I , J ) 

J ligher d ime nsional arrays can also be forme d .  The upper li�it is  
de termined by the  size of the input buffer giving a practical  l imi t of 
40 . 

progrem 
If  the 

that 

Subsc ripts  used Hi th subscl'i pted variables tl l!'oughout a 
can be expl i c i tl y  s t a ted or they can be any legal expres s i o n .  
value of t he expression is  non- i ntege r ,  the value is t runcated so  
th e  subscript i s  an i ntege r .  

I t  i s  possible to usc the same variable nane a s  both a subscripted 
and unsubsc�i ptcd varia ble . Do th A and A ( I )  are valid variablqs and 
can be used in the same program . The variable A has no relationship to  
any e lement of the  matrix A ( I ) . Subs cri pted arrays of charac ter 
strings may a l s o be defined , and their variable names are d i s tinct . 
A$ ( I ) bears no relation to A ( I )  or A .  
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A d imens i on ( DIM) s t a tencn t  i s  u s e d  w i t h  sub s c r i p ted v a r i a b l e s  to 
d e fi n e  the �axirnum numb0r of e l eme n ts i n  a ma trix . 

If a subscr i p t c d  v a r iable i s  used \li thout appearing i n  a DIM 

s t a temen t ,  i t  is assumed to · be dime n s i o n e d  to l e ng th 1 0  in e ach 
d imcnsi ori ( t h a t  i s ,  hav i ng eleven e l cwe n t s  in each d i me ns i o n , 0 thr ough 
1 0 ) .  Howeve r ,  all ma tdces shoul d be corre c t l y  d imensioned in a 
pr oGram . 

6 . 3  Su b s c r i p t e d  S trinG V a r i a b l e s  

A ny l i s t o r  m a t r•i x v a l' i <J. !J l c  n a m e  fo l l oued by the 
denotes the s t r-i nt; form of that variabl e . For example : 

V$ ( n ) 
'C$ ( m ,  n ) 

t l2 :t (  n ) 
G 1 $ ( t71 1 n ) 

$ character 

uherc lil and n i nd i c a t e  the posi t i o n  o f  t he m a t r i x  e l eme n t  l<l i t h i n  tho 
Hhol c .  

Tile same nc1ne can be u�ed a ::;  a nm1 e r i c  var· i a b l o  and as a s tr i ng 
v ariab:w i n  the · s ar;�e pr'O(jl" < l!;J ui t h  no t' c ::> t l' i c t i o n . Simpl e vari a b l e s  2. nd 

d imens i oned varia b l e s  C L!.n a l s o  have t h e  sar:te nanc . For exampl e :  

A 
J\$  

1'.( n )  
/', !) ( u ,  n )  

can a l l b e  LW e d  i n  tho sa1�c proGJ'8J;1 ; h 01:c v e r ,  A (  n ,  m)  c ou l d  not b e  used , 
bccaune i t  r e d e f i n e s  the s i z e  of A ( n ) . 

String l i s t s  a nd ma t r i c e s  arc d e f i ned w i th the DIM s tatement as 
are numeri c a l  l i � t s  and rua tl' i c c � .  

6 . 4  The DIH S t a t em e n t  

T h e  DII1 s tat ci ,JCn t i s  u s e d  t o  d e fine the maxili1Ut:J numbe r  o f  e l eme n ts 
i n  a matr i x .  The DHI s t a t c.:mc n t  i s of t h e  form : 

DIM variabl e ( n ) , varinbl e ( n , m ) , var i a b l e $ ( n ) , varia b l e $ ( n , m ) 

where vari a b l e z  s p e c i fi e d  arc i nd i c a ted w i t h  the i r  maximum subscript 
val u e (  s ) . .  For c):t.tr:Jpl e : 

1 0  DHI X ( 5 ) , Y ( ll , 2 ) , /1. ( 1 0 1 1 0 )  
1 2  DH! /1.4 ( 1 00 ) , A $ ( 25 )  

Arrays c a n  be d ynami cal ly dimensioned by u z i n g  nume r i c  expressions 
i ns tead of i n te�er con s �unts to de f i ne · t he s i z e  of a n  a r ray . Any 
mur.ber o f  mat r i c e s  can be d e f i ned in a � i ng l e  DH1 s t a teme n t  a s  l o ng as 
they are s cpara ted by cor.Im:.t s .  

The f i r s t  c l ement o f  every !•la trix i s  au toma t i c a l l y  as .sultled t o  have 
a subsc r i p t  o f  z e r o . Dime nsioning J\ ( G , 1 0 )  s e t s  u p  room for a ma trix 
Hi th 7 r oHs and 1 1  columm: .  Thi s z e ro c l eme n t  i s  i l l u s trated in the 
fo l low i nG procram : D 
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1 0  REM MATR I X  CHECK" PROGRM1 
20 · DIH A (  6 , 1! )  
30 FOR I=O TO 6 
ll 0 A { I  , 0 ) = I 
50 FOR J=O TO 4 
60 A ( O , J ) : J  
70 PRINT A ( I , J ) ; 
80 NEXT J : PRINT : NEXT I 
90 END 
RUN 

0 1 2 3 1 1  
1 ·a o o o 
2 0 0 0 0 
3 0 0 0 0 
4 0 0 0 0 

. 5 0 0 0 0  
6 0 0 0 0 

Notice that a vari able l 1as a value of zero un til i t  i s  ass igned 
ano ther value . 

\lhenever a n  array i s  d i m e n s i oned ( m ,  n ) , the mat rix i s  allocated 
\li th ( IG+ 1 , n+ 1 ) eler.1ents . !·�emory s pace c a n  be conserved by using the 
O th element of the In<t t rix . For exampl e , Dil l A ( 5 , 9 )  dimensions a 6 * 1 0  
mar trix Hhich Hould then be refc1·c nced beginning 1li th  the A(  0 , 0 )  
el e�nent • 

. The size and nwnber of ma trices which can be defined depend upon 
the amount of s torage space available .  

. A DIH s t atement c an be pl ace d anywhere i n  a mul t i p l e  s tatement 
l ine and C<ln appeal' a ny\.'hc rc i n  the program .  A ma trix c an only be 
dimensioned once . DIM st atements mus t appear prior to the first 

· refere nce to an • array . DIM s t a teme n t s  are generally aruong the first 
statements of a program to allow the� to be easily found i f  any 
al terations are later req uired . 

All arrays speci fied in DIM sta teme nts  arc allocate d  space when 
the DIH s ta ter:1e n t  is exe cu t ed . All o t h e 1· arrays are declared a t  the 
first reference execu ted . 
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7 .  FURTHER SOPHI STICATION 

7 . 1  Forma t t i ng the Printout 

Often , the purpose of a program wi l l  require that resu l t s  be 
printed out in a particular forma t ,  rather than simply in a l i s t  or 
l ine at the e nd of a program run. BA SIC provid e s  certain facilities 
for use i n  forma t t i ng t he printout , so that the desired re sul t can be 
achieved . 

When a comma separa tes a text s tring from another PRINT l i s t  i tem , 
the i tem ' i s  pri nted a t  t he begi nning of the next available print zone . 
Semicol ons separa t i ng text st rings from o ther i tems are ignore d .  The 
screen is divided i nto 8 pri nt zones of 8 charac t e rs each . A comma or 
semicolon appearing as the last i tem of a PRINT l i s t  always suppresses 
the carriage return/ l i ne feed operat i o n .  BASIC does an aut omatic 
carriage re turn/ l i ne feed if a string i s  printed pas t column 6 � . 
Examples of the use of comma i nclude : 

1 0  A= 3 
20 B=2 
30 PRINT A , D , A+ B , A*B , A-B , B-A 

Whe·n the precedi ng l i nes are execu ted , the computer will print : 

3 2 5 6 1 - 1  

Notice t h a t  each character i s  eight spaces from t h e  next character . 
��o commas toge ther i n  a PRINT stateme n t  cause a print zone to be 
skipped , as i n :  

1 0  A = 1  
2 0  B=2 
30 PRINT A , B , , A+B 
RUN 

1 2 3 

READY 

I f  the last i tem i n  a PRINT st atement is followed by a c omma , no 
carriage re turn/ l i nefeed is output , a nd the next value to be printed 
( by a l a t e r  PRINT s t a teme n t )  appears in the next available print zone . 
For examp l e : 

, 
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1 0  A: 1 : B:2 : C = 3  
20 PRINT A ,  : PR INT B :  PRINT C 
RUN 

1 2 
3 

READY 

I f  a ti�hter packing o f  prin ted values i s  d e sired , the semi colon 
can be used in place of the comma . A semicolon causes n o  spaces to be 
output o theJ' than the l e ading s pace au toma tically output with each 
non- nega tive numbe r .  A com1na cause s  the cursor to move at least one 
space t o  the next p r i n t  zone or perform a carriage re turn/ l ine feed i f  
t h e  s tring p r i n ts past column 6 4 . The fol lowing exampl e  shows the 
effec ts o f  t he semicolon and comma , 

1 0  A = 1 : B: 2 : C= 3  
-2 0  PRINT A ; B ; C ;  
30 PRINT A+ 1 ; B+ 1 ; C+ 1  
!t O  P R INT A , B , C  
R UN 

1 2 3 2 3 lt 
1 2 3 

READY 

The fol lowing example demonstrates the use of the format t i ng 
characters , a nd ; wi th text s t ri ngs : 

1 20 PRINT " STUDEIIT" X ;  11 Gl1ADE = 11 G j 11 A V G ,  = " A ;  

1 30 PRINT " N O .  I N  CLASS = " N  

Assuming that cal culati ons had been done prior t o  these l ine s ,  t�� 
fol l ow i ng would resul t :  

STUDE!IT 1 1 9 0 5 0  G l1 1\DE = 87 1\VG . = 8 5 . 11 4  NO. IN CLASS = 26 

7 . 1 . 1  The Tabula tor Function ; TAB( x )  

The TAB func tion i s  used i n  a PRINT s t ateme n t  t o  w r i t e  spaces to 
the speci fied CQlornn on the output device . The columns on the screen 
ar� numbe red 1 to 6 4 .  The form of t he command i s : 

where ( x ) 
hoHeve r ,  
speci fied 
a n  error 

P R IN T  TAB ( x )  

i s  the column number i n  the range 0 - 255 . ( I f  
eve ry o ther . consecutive l i ne is tabbed u n t i l  
spaces are pri nted . If ( x )  i s  greater than 255 

message i s  

C F  ERROR 
READY 

printed as fol l ows : 

x exceeds 6'4 , 
the number o f  
o r  nega tive , 

I f  ( x ) i s  non- i n tege r ,  onl y  the i nteger portion o f  the number i s  used • 
I f  t he col umn numbe r ( x) s pecified i s  l e s s  than or equal to t h e  current 
col um n  number ,  t he TAB fu nction has no effe c t . 
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7 . 1 . 2 The Space Func tion ; SPC ( x )  

The SPC func tion· can b e  used i n  much the same fashion as TAB i n  
PRIUT s tatements . Thi s  func tion prints  the number of  spaces  i ndicated 
by ( x) which must be in the range 0-255 i o t herwise a CF e rror resul ts . 

Note that i f  ei ther a TAB( x )  or SPC ( x )  is  the last  i t em i n  a print  
list the  carrigc re turn/ l ine feed i s  suppressed . 

1 . 2 Immediate Mode and Debuggi ng 

Immedi a t e  mode operation is especially useful for program 
debugging ( error remova l ) , and performing simple calculations in  
si tua tions which d o  no t  occur with  sufficient frequency or with 
sufficient complication to justify writing a program . 

I n  qrde r  to facilitate  debuggi ng a program , END s t atements can be 
l iberally placed throughout the program. Each END s ta tement  causes  
the program to hal t ,  at  which time the  various data  values can  be  
examined and  perhaps changed in  immediate mod e .  The command : 

GOTO xxxxx 

is used to continue program execu tion ( where xxxxx is the numbe r  of the 
next program l ine to be executed ) .  GOSUB a nd IF commands can also be 
used . The values assi8ncd to the variables when the nuN c omma nd i s  
exe cuted remain i n tact until a CLEAR sta tement or another R U N  command 
is executed .  

Whe n  using immediate mode , nearly a l l  of the s tandard s tatements 
can be used to generate or print results . 

If  LINEFEED is used to halt pro8ram exe cu tion ,  the GOTO xxxx or 
CONT con�and can be used to continue execution .  Since CTRL/ J or 
LINEFEED does print the number of the l i ne where execu tion stopped , i t  
is  easy to know whe re t o  resume the program .  Note that i f  a BASIC 
program statement  is  entered or altered , i t  is not possible to continue 
execution . 

7 . 2 . 1 R e stri c tions on Immediate Mode  

The INPUT and  DEF  statements cannot be used  i n  immediate mod0 and 
such use resu l t s  in the following error message : 

I D  ERROR 
R EADY 

Certain o ther commands , while  not  i l l egal , make no logical se nse 
whe n  used in immediate mode . Commands in this category are DIH and 
DATA . 

Alt hough the standard r.Jathema tical functions are permissible , user. 
functions are not defined until the program i s  exe cu ted , and the�efore 
any refere nces  to user defined functions in immediate mode · cause an 
error

· 
unless the program con taining the definition was previously 

execu ted . 
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Thu s , the fol lowing dial ogue migh t resu l t  i f  a func tion were 
defined in a user program and then referenced in immediate mode . 

1 0  DEF FNA ( X )  = X A 2  + 2 *X : REM SAVED STATEMENT 
PRINT FNA( 1 } : REM Il�1EDIATE MODE 

UF ERROR 
R EADY 

but if the sequence of s tatem� nts were : 

1 0  DEF FN A ( X )  = X A 2+2 *X : REM SAVED STATEMENT 
RUN 

READY 

' PRINT F N A (  1 )  
3 

READY 

the immediate mode s t a t ement rtould be execu ted . 

7 . 3  Machi ne Level Interfaces wi th DISK BASIC 

' . .. ' 

DISK BASIC has several features that allow the user accens to �he 
machine level input/ output of the mi croprocessor . By using the WAIT 
and OUT s t a teme nts and the INP func t i o n ,  various i nput/ou tpu t 
operati ons can be per formed . Other machi ne dependent features allort 
access t o  the memory and assembly language subprograms . ( See 
Appendi c e s  D . 1 and D . 2  for Key Nemory Locations and Port Assignme nts . ) 

7 . 3 . 1  The WAIT S t atement 

The s tatus of memory ports can be moni tored by the WAIT s ta tement 
which has the fol lowing forms : 

HAIT I , J  
WAIT I , J , K  

where I . i s  the nurr.ber of the port being moni tore d , a nd J and K are 
i n tege r express ions . The port s tatus is exclusive OR ' ed with K if 
pre sent and the resu l t  i s  AND ' ed with J .  Execution i s  suspended until 
a non- zero value resul t s .  In other words , J picks the bits of por t  I 
to be tested and exe cu tion resumes a t  the next s tatemen t  after the 
WAIT . If K i s  omi t ted , it is assumed to be zero . I ,  J ,  and K mus t  be 
i n  the r ange 0 to 2 5 5 ; o t he rwi s e ,  a CF error · resul t s .  
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7 . 3 . 2  The OUT Statement 

The form of the OUT s tatement is as fol lows : 

OUT I , J  

where I and J are integer expressions in  the range 0 to  255 . OUT s ends 
the 8 bi t q uanti ty ( byte )  signi fied by J to output por t I .  

WARNING : I f  bytes are output t o  ports o n  the SMC 5027 CRT chip , 
serious damage can resul t to the COHPUCOLOR II . ( See  Appendix D . 2 )  

7 . 3 . 3  The Input Func tion ; INP ( x ) 

The INP function is  the :::ounterpo.rt of the OUT s t a tement . Its  
form i s  as fol lO\..rs : 

X = INP( I )  

INP reads a byt e  ( 8  b i t  quantity)  from por t I where I i s  an i nteger 
· expression in the range 0 to 255 . 

7 . 3 . 4  The Peck Func tion ; PEEK ( x )  

The PEEK Func tion i s  called a s  follows : 

J = PEEK ( ! )  

wher� J i s  the i n teger value re turned i n  the range 0-255 tha t i s  t o  be 
s tored in the memory location speci fied by the i nteger expression I .  
The range o f  I i s  - 3276 8 t o  6 5535 . If  I i s  negativ e , the n the address 
i s  6 55 36 + I ; and i f  I is posi tive , the address is  I .  

7 . 3 . 5  The POKE Statement 

The form of the POKE statencnt is as fol l ows : 

POKE I , J  

where J i s  an i nteger expression in  the range 0 to  255 that is  to  be 
stored in the memory location specified by the i n t eger expression I .  
The range of  I is  -327 6 8  t o  65535 . I f  I i s  nega tive , then the address 
is 6 5536+! ; and if I is posi tive , the address is I .  

7 . 3 . 6  The User Call Func tion ;  CALL ( x )  

The CALL func tion is  used for interfacing w i t h  8080 ma chine 
language subroutines . The func tion can be used i n  the same manner as 
the o ther mathemati cal functions . The form i s  as fol l oHs : 

Y = CALL ( x )  

where t h e  assignment x mus t b e  i n  the range -327 6 8  to 6 55 35 � The value 
Y returned is i n  the range -327 6 � to 32767 • 
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I 
J 

The CALL func tion conver.ts the argument i n to a 2 b y t e  i n tege r and 
s tores the .resu l t  in the BO DO ' s  D and E regi s ters ( D  contains the high 
by te , E the low byte . )  The BASIC i n terpre ter . then execu t e s  an 8080 
CALL i ns t r u c t i on to l ocation 33282 ( 8202 HEX ) , whi ch , unless modifed by 
t he user , contains a j ump to the CF ERROR message rou t ine . The user 
mus t  modi fy the l o c a t i ons 33282 through 33284 so that they contain a 
JHP t o  the desired ma chine language rou t i ne .  Upon return,  the 2 byte 
i n teger i n  the D , E  regi s ters i s  conv�rted back into floati ng poi n t  
format . T h e  stack l e v e l  mus t  be preserved a t  t h e  s ame poi n t  a t  which 
the user e ntered the CALL , and the H and L regis ters mus t  be preserved . 
A l l  o ther 8 08 0 regis ters can be modi fied . 

For example ,  c onsider the following assembly . la nguage subrout i ne 
which negates t he contents o f  the D and E regi s ters . 

ORG 0 8202H ; 3 3 282 
Jl·1P IJ EGATE 

ORG 09 FFO H ; 1I 09 11 li 
NEGATE : nov A , D  ; CO!-!PLEl!ENT 

CHA ; I IIGH 
t·!OV D , A  ; BYTE 

" I .... � 

HOV A , E i COHPLEl·lEHT 
CHA ; LOH 
l·!OV E , A  ; BYTE 
I N X  D ; I NC fl El�EIJT AND FORM 2 ' S  COHPLEHENT 

RET ; RETU RN - HL UNCHANGED 

Thi s  subrou t ine coul d be a8sembled u s i ng the COHPU COLOTI I I  As semb l e r  or 
"hand" assembled and e n t ered using the POKE s tateme nt i n  BAS I C . 

To enter t h i s  3Ubroutine i n  BAS I C , the user mus t  fir s t  h i t  CPU 
RESET then re- e n t e r  DASIC by using t ho ESCAPE W seque nce . The number 
8 1 7 6 mus t  be e ntered in response to the HAXIHUM R Al1 AVAILABLE promp t .  
This l eaves 1 6 bytes free for t he machine language subrou t i ne . The 
foll owing program loads the macl1 i ne language subrout i ne a�d 
demonstrates the CALL func tion . 

5 REM CHANGE JUMP A DDRESS AT 8203-4 HEX , 8 202H CONTAINS J UHP 

1 0  P OK E  3 3 28 3 , 240 : POKE 3 3284 , 1 59 
1 5  REM PROGRAM DYTES AT 9FFO HEX 
20 DATA 1 22 ,  4 7 , 87 ,  1 2 3 ,  4 7 , 9 5 , 1 9 1  20 1 
3 0  FOR A D  = 4 09 4 4  TO 4 09 5 1  

. 4 0  READ V L : POKE AD , VL 
5 0  NEXT AD 
1 00 I N P U T  " ENTER X " ; X  : Y= CALL( X )  
1 1 0 P R INT " - X  = " ; Y  : GOTO 1 00 

7 . 4 String Space A l l ocation 

U nderstandi ng how the string s pace i s  used i s  important in 
deciding how much s tring space i s  necessary for the execu tion o f  a 
program . Firs t ,  a l l  s t r i ngs en tered i n  immed i a t e  mode or by the INPUT 
statement ( see Sec t ion 4 . 1 ) are allocated in the s tr i ng s pace because 
the i npu t l i ne buffe r can be modi�ed by subs eque n t  i npu t s  • 
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String functions and the string concatenation operator " + "  always 
re turn their re sul ts in the string space . Assisni ng a s tring a 
constant value i n  a program through a READ or assignment  s tatement does 
not use any s tring s pace since the string value is part of the program 
i tself .  In general , copying is done when a s t ring value i s  i n  the 
i nput l ine buffe r , or it is in  the . s tring s pace and there is an  active 
reference t o  it by a s tring variable .  Thus , A$ = B$ will cause copying 
i f  B$ has i ts s tring data in  the string s pace . The assignment A$ = 

STR$ ( 1 05 )  ( se e  Se ction 5 . 3 for STR $ )  will use four bytes �f s tring 
space to . s t ore the new four character s trins , " 1 05 " ,  created by the 
STR$ func tion , bu t the assignment  i tself does not cause copying since 
the only reference to the new string was created as a temporary 
reference by the formula eva luator . The temporary references disappear 
whan the assignment is done . The copying is  done in this manner 
because the s tring earbage col lection docs not allow two references to 
the same area in the s t ring space . 
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8 .  DISK FEATURES 

8 . 1 Loading and Saving Programs 

Programs and d a t a  can be loaded and saved o n  the COMPUCOLOR II so 
that they can be s tored and used , edi ted , or upd a ted i n  the futu re . 
The general forms o f  the LOAD and SAVE s t a teme n t s  are : 

LOAD s tr i ng cxpres�ion 
SAVE s t r i ng expression 

whe re t he s tr i ng can be a s t r i ng variable such as A$ o r  a quoted 
l i teral s t r i ng s u ch as "NAME'' · The re are three FILE types t h a t  can be 
loaded and s av e d . They are BASIC source ( BAS) , nume r i c  ARRAYS ( ARY) , 
and memory DATA ( DAT) . If  no file type i s  s p e c i f i e d , then the de faul t 
type is BAS . The BAS f i l e  type can be i n  the form as  shown below .  
Each o f  the fol l ow ing e xampl e s  will save the same BASIC source . 

SAVE "TEST" : REM SAVES BASIC SOURCE WITH N AME TEST ON DISK 
SAVE 11 TEST . BAS" 
SAVE 11 TEST . BAS ; 1 "  
SAVE A $ : R EH HHERE A$ IS A STIUNG VARIABLE 
SAVE 11 CD1 : 1 1  + A$ : REI1 HHERE 11 C D 1 : 1 1  SPECIFIES OPTIONAL DISK 

Each o f  t he fol lowi ng examp l e s  will cause a BASIC source .program t o  be 
loade d . 

LOAD "TEST : R EH LOADS A BASIC SOURCE PROGRM1 BY NAHING OF TEST 
LOAD " TEST" : PROGRAMS ARE SAVED ON THE COMPUCOLOR DISK 
LOAD 11 TEST . BAS" 
LOAD 11 TEST . DA S ; 1 11 
LOAD 11 CD1  : 11 + A$ : REH \'11IERE 11 CD 1 : 11 SPECIFIES THE SECOND DISK 
LOAD A$ : R EH WIEH E  A$ IS  A STRING VAR IABLE 

The ARY file type can b e  i n  the same form a s  BAS except that ARY mus t  
be i n  t h� s t ri ng a f t e r  the file name . A l s o  the fi l e  name mu s t  be a 
dimensio ne d  or pre viously used array by the same f i r s t  two l e t ters of 
the file name . If a one l e t t e r  variable name i s  u sed , then the file 
name mus t  be that l e t t e r  onl y .  

1 0  DIH ST ( 1 00 , 1 0 ) , T ( 3 ) , TT( 1 1 , 1 5 , 38 )  
20  SAVE 11 STEST . A R Y "  
3 0  SAVE 11 T . ARY ; 1 "  
!t O  END 

The above program will  save the numbered arrays ST and T. The fol l owing 
program wil l  cause a ( 1 00 , 1 0 )  array to be l o aded even t hough i t  was 
originally s e t  a t  1 20 0  si nce 1 2�0 > 1 0 1  * 1 1 .  
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1 0  Dit1 ST ( 1 20 0 ) 
20 LOAD " STEST . ARY11 : REI-I DIH ST ( 1 00 , 1 0 )  
30 END 

The DAT fil e  type can  be in the same form as ARY . I t  will l ook a t  
the two-byte i n tege r s tored in  locations 329 40 a nd 329 4 1 ( 32940  low 
byte and 329 4 1 high byte ) as a poi nter to memory . I t  adds 1 to this 
pointer and tak e s  the nex t two bytes in  uemory as the number o f  bytes 
to be loaded i n to memory or saved on disk . The l oc ations 32940  and 
3 29 4 1  specify the e nd of BASIC memory space , so all memory above that 
location can be used to save data via BASIC using the POKE command . 
Also note that only one DAT file may be read i n  a t  any one time w i thou t 
changing the pointers a t  32940  and 3294 1 .  

No te tha t  i t  i s  recommended that programs use the random file 
ca pabil i ty of DISK BASIC i nstead of l oading and saving DAT fi les . 

8 . 1 . 1  Program Cha i n i ng 

A series of di fferent programs can be executed as a single program 
by using a technique commonly known as program chaini ng . In  DISK 
BASIC , two types of program chaining are possible . The fir s t  and 
easiest method uses the LOAD stateme n t  i n combination with the RUN 
command as fol lows : 

LOAD11 PROGRM11 : RUN 

ExecutinG this  s tatement i n  e i t her a program or immediate mode causes  
the specified I3fiSIC  program to  be l oaded and  exe cuted . The RUN  c ommand 
clears all the variables from the previ ous procram . A l i ne number can 
optionally be specified on the R U N  command . 

The second r:w thod used the LOAD s t a teme n t  i n  comb i nation with the 
GOTO s t ate�ent as �al lows : 

LOAD11 PROGRM11 : GOTO l i ne numl>e r 

Executing this  sta temen t  i n  a program causes the speci fied program to 
be loaded and exe cu ted s tarting a t  the speci fied line number in _ the 
GOTO command . This  me thod does not clear the variables fr�m the 
previous program ; hoHever ,  tHo restri c tions must be sa tisfied to e nsure 
proper exe c t ion of the program .  Firs t , the program rri th the larges t  
source in  the chain mus t  b e  loaded and executed fir s t .  Second , string 
variables whose d ata  values where part of the program source will  
contain i n correc t  references when subsequent program is  l i s ted because 
the program source will not be the same as the previous program . If 
these restric tions are sati �fied , then the series of programs should 
execute properly . Clearly , this second me thod o f  program chaining i s  
the l e a s t  desirable because o f  the possible d i fficul tie s .  See Section 
7 . 4 for a description of how s trings are alloc ated before using this 
method . 

� 
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8 . 2  Using the Fi le  Control System Through BASIC 

The PRINT STRING comm�nd preceded by PLOT 27 and PLOT 4 or PLOT 6 8  
( ESC , D  for FCS DISK ) will enable the user to exercise all o f  the FCS 
disk c ommands through BASIC .  Therefore , every command available to the 
File Control System is also available to BASIC , by l e t ti ng the string 
be come the FCS command . The fol lowing exampl e s  show how to retrieve a 
disk directory through BASIC . 

or 

or 

1 0  PLOT 27 , lJ  
2 0  PRINT "DIR"  
40  END 

1 0  PLOT 27 : PRINT"DDIR" 

1 0  PLOT 27 : PLOT 6 8 : PRINT A$ : REM WHERE A$ IS A 
20 REM STRING VARIABLE EQUAL TO DIR . 

I 
I f  the direc tory of the disk were as fol l ows : 

TEST . ARY ; 0 1 
TEST . ARY ; 02 

t he n  the BASIC program below would  delete  version 1 of  the TEST. ARY 
file , re name version 2 to  version 1 ,  update the array , and save it as 
version 2 so i t  can be used again .  

5 DU1 TEST( 1 000 ) 
1 0  LOAD "TEST . ARY ; 2 11 
20 PLOT "27 : PLOTll : REH SELECT FCS !·lODE 
30 PRINT 11 DELETE TEST . ARY ; 1 "  
50  PRINT " RENAME TEST . ARY ; 2  TO TEST . ARY1 " 
6 0  PLOT 27 : PLOT 27 : REM SELECT VISIBLE CURSOR MODE 
80 : REM UPDATE TEST ARRAY 
9 0  SAVE 11 TEST. ARY" 

All  s tring func t ions that are available to BASIC can  be used in  the 
PRINT statement containing the FCS command . 

To escape from the Fi l e  Control System and return to one of  the 
o ther CRT. modes , an escape sequence must be give n ;  such as ESC , ESC for 
visible CRT cursor mode . The FCS responds only to printing ASCII 
charac ters and the fol lowing control code s :  

1 1  
1 3  
26  
27  

ERASE LI!m 
CARRIAGE RETURN 
CURSOR LEFT 
ESCAPE 

All o ther control codes will cause an FCS e rror if  they appear in a 
string .  A comple te  d e scription of  the FCS c ommands appea�s i n  Chapter 
1 0  and Appendix B . 1 .  
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8 . 3 In troduc tion to Random Files  

COHPUCOLOR UISK BASIC has th1•ee stateme nts which impleme n t  a 
powerful random access file capabi l ity . The FILE s t atemen t  performs 
various func ti ons i ncluding cr eating , opening and closing random files . 
The GET and PUT s t a tements read , wri t e ,  and update records i n  a random 
file . 

Random files arc organized into physical blocks c o nt aining a fixed 
number of fixed l e ngth records . I f  a physi cal block is not a mul ti pl e  
of 1 28 ,  t h e n  t h e  excess l e ngth up t o  t h e  n e x t  mul t i pl e  o f  1 28 i s  not 
used . The block i ng fac tor and record s i ze of a file can be changed to 
allow differe n t  types o f  access.  For exanpl c ,  a 1 00 record file o f  80 
by te re cords wi th a blocking fa ctor of 3 will use o nly the first 2 � 0  
bytes o f  2 5 6  avail able i n  2 disk sec tors . The l a s t  1 6  bytes arc unused . 
Logi cal records do no t cross physical block boundarie s .  Thus , for the 
1 00 record fil e  2 *3 4 =6 6  sec tors are needed . In this case a 1 02 record 
file could  have been allocated in the saMe amount of d i sk s pace . 

Ther� can be up to  1 27 random files open simul taneously s u b j e c t  to 
memory l imi tations . Memory space for files is alloca ted dynamically 
from t he user ' s workspace . Each file can contairi from 1 t o  32767 
records and the record size ranee i s  1 to 32767 byt es . The record size 
mus t  be sma l l  enough to fi t into the user ' s  workspace civing a 
prac tical maximum of 30000 bytes . 

8 . 4  The FILE S t atem e n t  

The basic form of tho FILE stateme nt 1. � • ., ,  

FILE " s tring cx p1•e ssion" , extra informa tion 

The FILE statement i s  a versatile st ateme n t  that has t h� abi l i ty t o  
pe rform a number of func t i ons . The fir s t  character of t h e  s trinB 
expression determines what the FILE st atem8 nt will  d o .  The fol l owi ng 
sections describe the FILE sta tement ' s  uses and func tions . 

8 . 4 . 1  nandom File Creation 

The Random File Creation s tatement i s  of t he form : 

FILE "N" , filename , records , record s ize , blocking factor 

where ' file name ' is a s tring expression con taini ng a val id FCS 
file name ; ' records ' is the . number of logical records ( 1 -32767 ) ;  ' re cord 
size ' i s  the size i n  by tes of logical records ( 1 -32767 ) ;  and ' bl o cking 
fac tor ' is the number of logical records per physical  block ( 1 -255 ) .  

The specified file mus t  not exi s t .  If no version number is 
specified , then FCS will choose the next larger version number.  The 
user is responsible for choosing proper values of the parame ters . Any 
of the file speci ficati ons can be overridden when the file i s  ripe ned 
wi th the FILE " R "  s ta teme n t .  For exampl e :  

-5 4 -

- - -�- _ _ .. _ __ __ _..:;:=------------� 



FILE 11N 11 ,  "CHECKS" , 200 , 32 , 8 

creates a f�le containing 200 32-byte  records with 8 records per block. 

8 . 4 . 2  Random File Open 

The form of t he Random File Open s tatement i s :  

FILE '' R " , file , nnmc , buffers< ; records , rec size , blocking factor> 

where ' file ' is the logical number of the file ( 1 - 1 27 ) , ' name ' is  a 

string expression containing a valid FCS filename , a nd ' buffers ' is  trl 
number of buffers i n  memory ( 1 -255 ) . 

The i t ems be tween the anglo bracke ts are optional and redefine the 
file size . The elements are : • records ' ,  which is the number of logical 
records ( 1 -32767 ) ;  ' reo siz e ' , which is  the size in by tes of logical 
re cord� ( 1 -3276 7 ) ; and ' blocking factor ' ,  which is  the number  of 
logical re'cords per phy sical bloc!< ( 1 -255 ) . 

The specified file mus t already exist . It  i s  possible to open any 
type of  fil e , bu t they are best created with the FILE " H "  sta temen t .  
Files n o t  created i n  BASIC can b e  accessed b y  overrid i ng the number  o f  
record s ,  the record s ize , and the blocking factor , bu t the directory 
will not contain valid i nforma tion about the numbe r of records , record 
size , or blocking factor . For example : 

FILE 11 R 11 , 1 , 11 CHECKS" , 2 

opens the file " CHECKS . RND" and allocates enough buffer space for 2 
physical blo cks or 1 6  record s .  

8 . 4 . 3  Random F i l e  Clone 
. 

The Random File Close statement is  of the form : 

FILE " C " , file 1 < ,  • • •  , file  N >  

where ' fi le '  i s  the number of t h e  file to b e  closed . The i tems be tween 
the angle bracke ts are optional , and merely de scribe the format for 
closing more than one fil e  at a time . 

Each fil e that has been opened mus t  be closed to e nsure tha t  the 
buffers in memory are wri tten to the d i sk if they have been modified . 
Closing a file free s  up i t s  buffer space i n  8emory . For exampl e :  

FILE " C " , 1 

closes file 1 .  
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8 . 4 . 4  Dump File Buffers 

The form of the Dump File Duffers statement i s :  

FILE " D " , file 1 < ,  . . .  , file  N> 

where ' file ' is  the numbe r of the file ( 1 - 1 27 ) ; and the opti onal i tems 
be tween the angle bracke ts are other fi les that can be included in the 
same s tatement .  

This  statement writes any modi fied buffers t o  the disk for the 
specified fil e s . It can be used to ensure that modifications to a file 
are recorde d  immediatel y .  It is  similar to FILE " C "  except that the 
buffer space i s  not freed up and the file remains open.  For example : 

FILE " 0 11 , 4 , 6  

wri tes anr modi fied  buffers back to the disk for files  4 a nd 6 .  

8 . 4 . 5  File A t tributes 

The form of the File At tribu tes statement i s :  

FILE " A '' , file , cur record < , records , re c  size , blocking factor> 

whe re ' fil e '  is  the number of the file ( 1 - 1 27 ) ; and ' cur record ' is  the 
variable that is assiGned the most recently accessed record numbe r .  
The i tems be tween the angle bracke ts are optional and include 
' re cords ' ,  which is  the variable  that is as signed the numbe r  of  records 
in the fil e ;  ' re c  size ' ,  which is  the variable tha t is  assigned the 
record size in bytes ; and ' blocking factor ' , which is the number of  
l ogical records pe r  physical block ( 1 -25 5 ) . 

This stateme�t i s  used when the fi le size and o ther a ttri bu tes of 
a fi l e  are unknown . For example , the a t tributes of  file 1 may be 
de termined as  fol lows : 

FILE 11 A 11 , 1 ,  CR , N R ,  RS , DF 

8 . 4 . 6 Fi l e  Error Trappi ng 

The form of the File Error Trapping s tatement i s :  

FILE "T 11 < , line number> 

where the optional l i ne number is  a l i ne number in the range 0 to 
6 5529 . 
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" t ' ; 
If the fil e "T"  st atement is executed Hith the l i ne numbc·r·' 

speci fied , then when a disk : error occurs it will  be trapped and 
execution \otill  continue "t the specified l i ne number .  A l l  i nforma tion 
abou t nested GOSUB ' s  and FOR- NEXT loops will be l o s t .  In  most cases 
this will not be a problem . I n  the other case s ,  assuming eood 
programming prac tice s , the disk error Hill  probably be a hardware 
failure which requires some type of special recovery procedure .  If 
the l i ne number i s  not specified , then the error trapping facility will  
be disable d .  For  exampl e :  

FILE " T " , 32000 

causes the program to go to line 32000 whe never a disk error occurs .  

8 . 4 . 7  File Error Do termi nati c n  

The fm·m of the Fi le ErPor Determination s tatemen t  

FILE " E " , fil e , e rror , l ine number 

; � . .A. u o 

where ' file ' i s  the file  nu�ber at  the time of the e rror ( this number  
may be  i ncorrec t  for  bad  file  name errors and  e rrors within the  FILE 
"N "  s tatemen t ) ; 1 errol� 1 is the disk error number ( for explanations see 
Appendix A . 6 ) ; and ' l i ne numbe r '  i s  the l i ne numbe r i n  which the e rror 
occurr·ed . 

This s tatement lets  the us e r  de termine wha t type of disk error 
occurt�ed . I t  is used in  conjunction \vi th the FILE " T "  s tatement . Fo r• 
example : 

FILE " E " , FL , ER , LN 

returns the file , · error , and line number  of the cu rrent random file 
error . 

8 . 5  The GET Statement 

The GET s tatement is of the form : 

GET file < , re cord < , first>>  ; v ariable l i s t  

where ' file ' is  the logical file numbe r  ( 1 - 1 27 ) ; a n d  t h e  ' variable 
lis t '  coritains one or more of the followi ng e n trie s :  

numeri c variable - re ads � bytes into the numeric variabl e ; 
s tr i ng variable [ byte  count ] - reads the specified number of 

by tes into the string variable .  The byte count range 
is 1 to 255 . 

The i tems b e tween the angle bracket3 are optional and i nclude ' record ' , 
which i s  the record number to be rend ( if 0 or omi t t ed , then the record 
nuQber i s 1 gre ater than that used for the last  access to the file) ; 
and ' first ' , whi ch is  the first byte of the record to be read ( 1 - re cord 
si z e ) . I f  no value i s  G i v e n  for � fir s t ' ,  then first defaul t s  to 1 .  
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The GET s t a tement allows a file to be randomly accessed . By using 
the first fiel d ,  different ·parts of the record can be immedia tely 
accessed . For example : 

GET 1 ,  fl ;  ACCOUNT I Al10UfiT I DATE I PAYEE$ [ 2 0 ]  

will read ACCOUNT , AMOUNT ,  and DATE a s  numeric entrie s ,  and PAYEE as a 
20  byt e  s tring.  

8 . 6  The PUT Statement 

The PUT s tatement is  of the form : 

PUT file < , re cord < , first>> ; expression l i s t  

where ' fi l.e ' is  the logical fi l e  number ( 1 - 1 27 ) ; and the ' expression 
l is t '  contai ns 1 or more of the foll owing entries : 

numeric expression - wri tes 4 bytes containing the value of  
the  expre ssion ; 

s tring expression [ byte c ount)  - wri t e s  the specified number 
of bytes . The value of the string expression is 
trunca ted or blank fil l ed on the righ t .  The byte 
count range is 1 -255 . 

I tems be tween the uncle 
which is the re cord number 
then the record nu�bc r i s  
t o  the file) ; and ' first ' ,  
wri tten ( 1 -record size ) . 
1 .  

brackets are opti onal and i nclude : ' re cord ' ,  
to be wri tten or updated ( i f 0 or omi t ted , 
1 greater than that used for the last  access 
which is  the first byte  of record to be 
If no value is  given ,  then first defaul t s  to 

The PUT s tatement allows random re cords to be written  or updated . 
For example :  

PUT , 1 , R , 1 3 ;  "J.!OflTGAGE CO!-IPANY" [ 20 ]  

upda tes 2 0  bytes o f  record R starting a t  the 1 3 th by t e . 

8 . 7 Improvi ng File Access 

The · random fil e s  i n  DISK BASIC arc oriented toHards fas t  random 
reads and updates . Sequential file i npu t and ou t pu t  can eas i ly be 
simulated ; houeve r ,  there is  a time penal ty for sequential output 
because the PUT s t ateme nt updates i nformation on  a record . The file 
accessing t ime i n  a program can often be greatly reduced i f  the program 
takes advantage of the fl exibil i ty offered • . 

The fil e  ac cessing scheme in  DISK BASIC i s  d i fferent from the 
random accessing s cheme commonly used i n  most microcozoputers . �/hen a 

-58-

, 



record i s  accessed that i s n o t  p r e s e n t  i n  one of t h e  buffers i n  memory , 
the physical block c ontai ni nG · the l ogical record i s  read into cemory in 
an unused buffer or , if all buffers a r e  in use , the l east recently used 
( LRU) buffe r .  If  t h e  cost r e ce n t l y  used buffer h a s  b e e n  modified ,  i t  
i s  rewri tten t o  d i s k  before the n e x t  b l o c k  is read i n t o  t h e  buffe r .  
Thi s  type of  a buffer manageme n t s c h eme i s  very similar t o  the LRU 
virtual ' memory pa� i ne; schemes used on l a. I'f,e compu ters . 

The first me thod of  improving file access i s  increasing the number 
of fil e  buffers al l oca ted in t h e  FILE " R "  stateme n t .  Changing this 
numbe r from 1 to  a larger num be r d o e s  n o t  al t er the resul ts  of 
execution ; it only al t e rs the numb e r  of times the disk has to be 
physically access e d . The di ffere nc e i n  t ime can be q ui te  subs tantial .  
Howeve r ,  for sequential access or random access which uniformly 
accesses all  parts of a lar�e file there is l i t t le advantage to be 
gained by increasi ng the numbe r of buffer·s beyond 1 .  

The s e c ond method o f  improving file access i s  varying the record 
size  and b-locking fac tor of a fi l e .  Ideally , the record size should be 
a pm<�er of 2 .  By choosi ng an a p propr i a t e  blo c k i ng factor the block 
size will be a mul tipl e  of 1 28 .  For example ,  a 32  byte re cord can be 
blocked 4 ,  8 ,  or  1 2 ,  givin� block sizes of 1 28 ,  256 , or 384 bytes , 
respectively . For sequential access a blocki ng factor of 1 al locates 1 
record to  a physical block . Thus , to read records sequentially , 1 
physica l  access and disk read i s  necessary for each record . Wi th a 
blocking fac tor of 8 ,  physical disk access i s  only neceoary for every 8 
re cords read , uhich is  1 / 8 as  many d i sk accesses a s  necessi t ated by a 
blocking fac tor of 1 .  

If the re cord sizes are no t a power of two , the blocki ng factor 
shoul d be chosen careful l y .  For example ,  with 80 byte records a 
blocking fac tor of 1 will waste � 8  by t es of disk space for each record 
because - the 80 byte re cord is  contained in a 1 28 byte disk sector . Dy 
using a blocki ng factor of 3 ,  only 1 6  by tes  ( 25 6- 3 *80 ) will be was ted  
for every 2 1 28 t> y t e  s e c t o r s .  Agai n ,  H i t h  a blocki nG fa ctor of  8 ,  6 4 0  
byt es are u s e d  wi th n o  wasted space be cause 5 d i sk sec tors hold exactly 
640  by t e s .  Whe ther or not to choose 1 ,  3 , o r  8 should be determined  by 
the ty pe of  appl ication for Hhich t h e  f i l e  i s  used . If the program is 
large and uses most of the work space , ei ther 1 or  3 would be best.  If  
the program is smal l ,  a l l ocati ng 6 7 8  ( 3 ll+li +61W ) by t es may be qui te 
acceptab le  and improve the speed of t h e  prog�arn . Choosi ng the best 
values for the number of buffers , re cor-d s i z e , a nd blocking factor is 
often difficul t .  The user i s  f o l l o w i n G  a reasonable guideline i f  he 
allocates 1 buffer for sequential fi les  with a l arGer blocking fac tor 
and mor� buffers with smaller bl ocki ng f a c t ors for random file s .  For 
often used applications a l i t t l e  experime nta ti on and fine tuning of the 
parameters c a n  improve the d i sk access t ime . 

- - --- - -----
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8 . 8  Storage Requirements 

When randon files are used , they are alloca ted from the user ' s  
free workspace . The s torage requirements i n  by tes are as fol lows : 

where 

error trapping - 1 0  bytes 

open files -

4 +30+BUF* ( � + 1 28*INT( ( RECSIZ*BLKFAC+ 1 27 ) / 1 28 ) ) by tes  

BUF = the number of allocated physical block buffers , 
RECSIZ = the number of by tes per pecord , 
DLKFAC = the number of records per block . 

Thu s , opening a fi l e  wi th 80 by te  records and a blocking factor of 3 
a nd 1 buffer requires 3 4  + 1 * ( 4+256 ) = 2 9 4  by tes . Wi th 4 buffers 
the requirement is  34  + 4 * ( 4+256 ) = 1 074  byt es . 
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9 .  COLOR , GI\1\PHICS , . AHD OTHER TEW1UI AL FEATURES 

9 . 1  The PLOT Statement 

The PLOT Statement 
expression to the s c r e e n .  
fol lm-1s : 

PLOT expression 

or 

i s  used 
The form 

to output 
of the 

tho 
PLOT 

PLOT expression , expression , • . .  , expres3ion 

8 bit value of an 
s tateme nt is  as 

The expressions in the expression l i s t  mu s t  evaluate to  a quantity i n  
the range 0 to 255 . Other values will cause a C F  erro r .  

F o r  example , t h e  fol lowing s tatement w i l l  cause t h e  l e t ters ABCDEF 
to be di s played on the screen.  . 

PLOT 65 , 66 , 67 , 68 , 69 , 70 

The PLOT s tatement is usually used to send control code s ,  e scape codes , 
and o ther graphics i nforma tion to the scree n .  For fur ther examples , 
see t he fol lowing s e c t ions i n  thi s chapter , and for i nforma tion about 
CRT commands and ASCII codes , see llppendices C and E .  

9 . 2  Color 

The color d i splays that can be achieved on the COBPUCOLOR II  nre 
an i�portant feature of the machine . The color controls are easy to  
operate and add a new d imension to trad i tional proeramming .  

Both the foreground and ba ckground c a n  be  s e t  t o  a desired color . 
The foreground cen be �ade to blink , and i n  add i t i o n ,  characters may be 
e i ther si ngle or d ouble heigh t .  

Col or ,  blink and character size can each be set  i n  orie o f  two 
way s .  The firs t  me thod i nvolves the usc o f  the color and s pecinl k�ys . 
To set  t he backeround colo r ,  the BG rn1 key i s  pressed . Then the actual 
color is s e t  by simultaneou sly s t riking t he control and the l etter key 
correspond i ng to the desired color.  They arc as follows : 

BLACK : p BLUE : T 
RED : Q I·IAGEHTA : u 
GREEN : R CYJ\N : v 
YELLOH : s HIUTE : \1 

On · the del uxe and cxtendtd keyboard s ,  the color keys arc i n  a 
separate pad a nd are simply � truck to se lect color . 
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The for�ground can be s e t  by depressing · · the FG OH key and 
s e l e c t i ng a color as for the backGround . 

The BLIUK Otl key s e t s  the blink i n  n o t i o n  and the BL/ i\7 OFF key 

turns i t  off. The double- llci r;h t characters CQn be set by the A7 0N key 

and smal l charac ters a r c  rese�  by the BL/A7 OFF key . Be cause this key 

control s both b l i nk a nd chara c t e r  heigh t ,  if the u s e r  wishes to · turn 

the b l i nk off wiJ i l e  using the · l a rger charac t e rs , and c o n ti nue typing in 

larr.;e charac ters , the BL/ /1.7 or:T key a nd the A7 ON key must be s t ruck i n  
· immedi a t e  successi o n .  

Whil e  the se c od e s  c a n  b e  used  i n  the C R T  mode to t e s t  color 
corubinatons a n d  d i s p lay a p p e a r a n ce s , e t c . , the chara c t e rs will o ni y  be 
accepted i n  BASIC i f  they arc c o n t a i ned i n  q u o ted s t r i ngs or Rill1ARK 

sta tements . If not so c o n t a ined , they 1vi 1l  cause a syntax error ( SN ) . 
Color can be s�l c c t ed w i t h ou t be i ng c o ntained i n  a q u o t ed s t r i n g  

b y  the s e c o n d  me thod o f  s e t ting color , b l i n k  arid character he igh t .  
Thi s i s  d ohe through the U 3 C  o f  the PLOT s tateme n t ,  a s  sh own b e l ow : 

PLOT 29 
PLOT 30 
PLOT 3 1  
PLOT 1 1r 
PLOT 1 5  

( se ts foreGr ound c o l or ) 
( s e t s  background c o l o r )  
( :; c t s  b l i nk o n )  
( se t s  l arge char a c t e r s )  
( s e t s  b l i nl( a n d  l a rge chnr·actcrs o f f )  

T h e  i nd i v i d u a l  c o l o r �  arc s c l c �t e d  b y  PLOT s t a t emen t s  u s i nc; the 
i n ternal code of each c o l  OJ '  l :ey , a s  sh01vn be l ol-l : 

•' 

PLOT 1 6  
PLOT 1'/ 
PLOT 1 8  
PLOT 1 9  

( bla c k )  
( re d )  
( gr e e n )  
( ycllou)  

PLOT 20 
PLOT 2 1  
PLOT 22 
PLOT 23 

( b lu e ) 
( zr.age nta)  
( cya n )  
( Hh i t c) 

Be cause bl i nk off and s tand ar·d char a c t e p  heic;h t 2 l' C  controll ed by the 
same code , re tai ning double chara c t e r  h e i. r; h  t Hhi l e  turning o f f  the 
b l i nk Hill req uire PLOT 1 5  a nd PLOT 1 11 s t ateme n t s in i�me d i a t e  
sequenc e . T h e  PLOT c omr;Jan u s  can be u·sed i n  a BASIC progl'cllil t o  s e t  the 
color of the screen o u t pu t .  

The PLOT chara c t e r  set , BLINK , B�CKG n OUND COLOR , and FOREG R OUND 

COLOR can also be s e t  by means o f  the PLOT 6 s ta teme n t . The gc ne�al 
form i s  a s  shoun : 

. PLOT 6 ,  nuw b c r  

where number mu s t  b e  an i n teger be tween 0 a nd 255 . Thi s  number i �  
represented i n  b i nary diGi ts u p  t o  eic;h t bi ts l ong a n d  arranged i n  a 
tabl e  as shown ' be l ow . ( A l s o  shown i n  Appendix C . 2 ) 

/\7 A6 A5 I All I 113 A2 I A 1 I AO · 

B/\CKG HOU: .ID  FOREG nourm 
PLOT . BLHlK 

BLUE t GREEJ.J I I GREEH l HED BLUE flED 
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The foregou nd and background co lors 
televisi on , by combi nati ons o f  th e blue , 
Hhe n the bi naJ'Y numbe r i s  placed i n  the 
posi ti on turns that bi t o n .  The formula 
numbe r i n  d e cimal i s :  

arc fo�med , a s  i n  a 

re d , and erc c n  c o l o r  
eigh t bi t l o c a ti o n ,  a 
for de termining the 

PLOT* 1 28 + BLINK * 6 4  + DACKGROUND*B + FOREG ROUND 

color 
guns . 

i n  any 
de sired 

The pJ•ogram belcH i l lus tJ•a tos th e v a r i o u s  r' c s ul t s  t h a t  can be achieved 
\oli th t he PLOT G cor:u;;a n d . 

1 0  PLOT G ,  G :  HEl1 .SET CYAl� FOP.EG !10Ul.JD fi ND BLACK BACKG ROUND 
20 PR i lJT " PLCT( 0 - 1 ) , BLINK ( 0 - 1 ) , DCKG HD ( 0 -7 ) , FOflGRD ( 0 -7 ) :  " ; 

25 IUPliT 11 11 j PL , BL , nr. , ra 
30 PLOT 6 , PL * 1 28+DL*64 +DG�8+FG 
!W flEl·1 30 SETS THE COLOR I l !FOlil lATIOl'l YOU SELECTED 
50 P R !lJ T 1 11'1-iiS I S  Hli!IT YOU SELECTED " ; :  PLOT6 , 6 :  PRWT 

60 REl·l RESET COLOH DEFORE L U!EFEED 
7 0  GOTO 20 

9 . 3  Cursor Con trol s 

The fol low i ng p l o t  comma n ds posi tion t h e  cursor at a desired 
l o c a t i o n  o n  the scree n :  

PLOT 1 0  
PLOT 25 
PLOT 28 
PLOT 26 
P.LOT 8 .  

PLOT 9 

. PL OT 3 , X , Y  

( mov e s  the cursor 1 s pace d ow n )  
(moves  cursor o n e  space t o  t h e  righ t )  
( moves cursor one space u p )  
( moves cursor one space t o  t h e  l e f t )  
( !10!-lE move s c u r s o r  to post"ion a t  topmo s t  

l e f t  of scrc-:cn)  
( TAB - mov e s  cursor t o  begi n n i ng of next 

pl' i n t  zone ) 
( CU RSOfl X , Y mov e s  cursor to posi t i o n  of 

given x , y coord i n a t e s )  

The cur sor c a n  be moved o f f  t h e  s c r e e n  b� u s i ng 
mode , whi c h  i s  en t e re d frc>iO the  keyboard v i a  ESC X ,  
l e f t  to righ t ,  a nd docs no t scroll the s c re e n . 
e n tered wi th a PLOT 2 7 , 2 � s t a t ement . 

PLOT 3 , 6 4 , 0 . Page 
wri t e s  cha rac ters 

From BASIC i t  i s  

Scrol l mode , which i s  entered via ESC K ,  uri t c s  left to righ t and 
scrol l s  the s c r e e n  for a conti nuous rendoUt . I t  i s  e n t e red i n  BASI C by 

PLOT 27 , 1 1 . 
Ve r ti c a l  mod e , Hhich i s  e n t ered via  ESC J wri t es t o p  t o  b o t tom i n  

o n e  c o l umn onl y .  I t  d o e s  not  scrol l t h e  d i s p l a y . This mode can be 
r•eached throueh B/1 S I C  by the PLOT 27 , 1 2  s t a t eme nt . 

ERASE PAGE s e t s  the  background c o l o r  of t h e  e n ti r e  s c r e e n  to the 
b a ckground c o l o r  of the l ast  c h arac t e r  sent t o  t he s c r e e n .  From DASIC 
i t  i s  entered by PLOT 1 2 .  

The · ERASE L I ! I E  key e r� s e s  the l i ne c o n t a i ni ng t h e  cupsor , s e t ting 
t he ba ckground c o l o r  as i n d i c a t e d  b y  t h e  l a s t charac t e r .  The cursor i s  

-6 3-



sent to the beginning o f  the i i no .  
thi s 'tlay thr our;h BASIC b y  PLOT 1 1  . 
the use o f  some cu r�or con t rol s .  

The cu rsor can be controlled i n  
The fo l l ow i ng p rogr am i l lu s t rat es 

1 0  DEF F N H ( X )  = IllT ( X�RND { 1 ) )  

20 FOR I = 0 TO 3 :  H EAD D ( I ) : ! !EXT I 
30 DATA 1 0 , 21) , 28 , 26 : REl l  CUll.SOH CO:JTHOL VALUES 
11 0 PLOT 6 , 0 , 1 2 , 27 , 2 11 : R Et1 ERASE PAGE A!ID SET PAGE HODE 
50 PLOT 3 ,  n:P. { 6 1-I ) , F:� l1 ( 3 2 ) : l1Ei 1  SELECT R J\UDOH STARTING POINT 
60 FOR I = 1 TO 1 0 00 
1 0  PLOT 6 ,  ( FN R ( 7 ) + 1 ) 08 :  R EM SET VISIBLE BACKG nOUND COLOR 
80 PLOT 20 , 2 6 :  R E!·l OUTPU T S PACE , TI IEU BACKSPACE 

9 0  PLOT D( FN R (  4 ) ) :  HE!·1 OUTPUT A D.I\NDOH DI II ECTION 
1 00 1-JEXT I 
1 1 0 PLOT 6 ,  2 ,  8 : R EI I SET COLOR /',JJD H ETU R!J HOJ-.iE 
•1 20 El-10 

9 . 4  Ve c t or Graphics 

The v e c t o r  graphics c apabi l i ty o f  the COi 1PUCOLOP. I I  a l l ah's the 
user · to draw almo s t  any d c 3 i red diDpl ay . The v e c t or graphics a r e  
enabled by e n terinL; the craph j_ c  p l o t  r.wde by d e p re ::; s i n c  CO!J TROL B 
( binary ?. )  from the l�cy bo aJ'd or· l>y exe cu ti ng PLOT 2 i n  BAS I C .  \·lhi l c  i n  
the graphic p l o t  s u b1aodc th�! us e r  c a n  c hoose ft·om s i x t e e n  ( 1 6 )  pl o t  
submo d c s  t h a t  perfo rm u va r ·ic ly o f  cr· a p ll i e  fu nction3 . The i ni ti a l  p l o t  
submodc i s  t h e  X Y  Poi n t  Pl o t  r.:ocl e .  In this uod e ti";c u.sc:r can turn on 
and off i n d i v i d u a l  pl o t b l o clts on  the sc r e e n .  O t h o r  p l o t  submod e s  can 
easily be entered b y  a bi nal'y colic fr•om 21 10 to 255 . 

A n  adcli tional feature i s  avai l a b l e  to al l ow a 8l' aphi c plot to be 
erased by s iu;pl y  �e t ti n[:, the FLAG bi t on be fore e n teri ng t h e  p l o t  mod e .  
This causes a logi cal x o n  func tion t o  b e  �sed i n  s e t t i ng t h e  plot 
blocks . Thu s , i f  t he same p o i n t  i s  pl o t ted a second t ime , _ i t  i s  
e rased . A l s o , any p l o t  sul>rnodc may be e n tered from any o t he r plot 
submode except  Cha rac ter Pl o t  mode , The var ious s u bmodes a n d  the i r  
i n teractions arc expl a i n e d  i n  d e tail b e l ow .  

Colors may be d e f i n e d  on a chara c te r by character bas i s only and 
the c olor o f  a n  i nd i vi d u a l  p l o t b l o c k  as 1 1 e l l  as o t he r i ntensified plot 
blocks w i th i n  a characte r will be the most recent color d efined when a 
new plot block within that charac ter i s  tu rned o n .  To c hanBe color , i t  
i s  nece s�ary t o  exi t the CUI'rcnt p l o t  submod e ,  s e t  the n ew color,  a nd 
re-enter the p l o t  mode . 

The charac ter Grid on the screen i s  6 4  chara c t e rs wide and 3 2  
charac t�r s high . The z e ro t'cfere nce p o i n t  f o r  al l p l o t t i ng i s  t h e  
lower l e ft hand c o r n e r  of the scr e e n . Each chara c t e r  i s  further 
subd i v i d e d  i n to 8 p l o t  b l o c: l : s  - - 2 b l o ck s  u id e a n d  4 b l o cks h igh . This 
giv e s  a 1 28 by 1 28 grid of pl o t  b l o cks which may be i ndiv idu al ly se t .  
All p l o t  submodes o p e r a t e  o n  t h i s  grid size  and have t h e  same re ference 
po i n t  ( 0 , 0 ) . Posi t i v e  d i r e c t i on� are u p  and t o  the righ t ,  a nd neGa tive 
directions arc d own and t o  the l e f t .  

A l l  p l o t  submodes and t h e  general Pl o t  Mode are t� rmi na ted or 
c�i ted by the b i nary c od e  255 . Whon ever t h i s  code is iss ued , the plot 
mode i s  te rmi n a t e d  and must b �  re-e n te r e d  by i s s u i ng a CONTROL B or 
bi nary 2 .  
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On the deluxe keyboards there are s i x t e en ( 1 6 )  s pecia l  fu nctions 
keys labell�d FO through F 1 5 . Using these keys th� various plot 
submodes can be e ntered direc t ly i n the CRT mode ( no t  in BASI C . ) The 
FO l:ey produces a binar'Y 2110 code , F1 o 2 11 1 , e tc . , up  to the F 1 5  key 
which produces a 255 . In DASIC these plot submodcs are entered by 
using the PLOT s tatement os  desc rib ed b e l ow .  

Plot Mode Escape - ( 25 5  b i nary ) 

This code is  used to exi t from the Plo t 1·1ode Ol" a ny of the plo t 
submode s .  On the del u�c kcy boardD the F 1 5  function key pe rform3 a Plot 
Hode Escape . 

Character Plot - ( 2 5 11 b i nnry )  

The Charac t e r  P l o t  Submoctc is e n t e r e d  b y  a 25� after the ge neral 
Plot Mode is entere d .  A l l  s u bsequent characters issued are treated as 
plot chara c ters except for 255 whi ch  i s  the Plot Mode Escape . Thus , 
o ther plo t  submodcs can not be entered directly from this mod e .  The 
plo t charac ters ar•c cons tructed by oning toge the r  the selec ted plot 

· blocks to for•m the C0!11po:-J i  t e  c h aracter c: s  fo],.lOI·lS : 

0 1  HEX 0 1 0  ! l E X  0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 2  H EX 0 0 20 HEX 0 0 
, 0 0 , 
0 0 0 0 
0 0 0 0 

O ll HEX 0 0 IW !lEX 0 0 
0 0 0 0 " 
1 0 0 , 

r� � 

0 0 0 0 

0 8  I !  EX 0 0 80 HEX 0 0 
0 0 0 0 
0 0 0 0 
1 0 0 1 

The Character Plot c a u s e s  the the 6 wide by 8 high d o t  ma trix to 
be divided i nto B blocks orgar1izcd 2 blocks wide and 4 blocks high . 
Each blo cl' consists of a dot ma trix 3 d o t s  Hide and ?. dots  high . Each 
block c orre�ponds to an individual bi t of the s · b i t  plot charac t e r .  
Large charac ters may a l s o  be formed b y  usine t h e  p l o t  blocks i n  several 
character posi tions to create a l arge 5 by 7 mat rix . or any o ther 
desired siz e . 

[) 
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X Point Plot  - ( bi nary 25 3 )  

The X Poi n t  P l o t  i s  au toma t i c a l l y  e nt ered upon receipt o f  the 
general Plot  !·lode cod e ,  bi nary 2 or CONTROL I:l .  I t  may also be en tered 
dire ctl y  from a ny o f  the .ot her pl o t submode s .  .1\ f t e r  entering the X 
Poi n t  Plo t sub rnode , the n e x t  by t e  r e c e i ved d e f i n e s  the X value of the 
block tha t i s  d e si re d to be p l o t t ed . 1� e X va lue may range from 0 to 
1 27 and a l l  o ther v a l u e s  w i l l  cause 1 28 to be s u b t ra c t ed from the value 
of X .  

The X Point  Plot  may be term i na ted b y  the code 255 whi ch also 
c a u s e s  the the gene ral Pl o t ! lo d e  t o  be t e rm i n a t ed . Any of t h e  other 
p l o t  submo d c s  w a y  be e: n t c r' c d  di r· E� c t l y fr·om the X Point Pl o t  by ::>imply 
e nte r i ng the a p p r op r i a t e p l o t  submode codeo from 2�0 to 255 . 

I t  should be n o t ed t i l  a. t t h i::; pl o t  submode does not cau::; c  a plot 
block to be i n t e n s i f i e d , i t  only d e f i n e ::>  th e X value . Once the X value 
i s  l�ece ived , t he COHPUCOLOR I I  i s  a u  t or.�o. U. c a ll y p l a c e d  i n  the Y Poin t  
P l o t  mod e . Thus ; t h e  next. code s e n t  \·; i l l  lJc the Y va l ue \Th i c h  may 

range from 0 to 1 27 .  
The proccdur·e for en t e r i ng ancl cxi t i ng t he X Poi nt Plot  mode i s  

shown be l ou : 

Fu nc tion Cod e  

P l o t  t-iode 2 
X 1  Value 0 to 1 27 
Y 1  Value 0 to 1 2'7 

Xn V a l u e  0 to 1 27 
Yn Value · O  to 1 27 
P l o t  Es cap e 255 

or 
Plo.t Submode 2110 to 25 � 

The X Point Plot  i n  c o n j unc t i o n  Hi t h  the Y Point  P l o t  alloHs any 
block on a 1 28 by 1 28 b lock Qa trix to be i n te ns i fi ed . Thus , i n  BASIC 
the above sequence be cowes : 

PLOT 2 , X 1 , Y 1 , , X!� , YtJ , 25 5 

The fol l ow i ng s tatemen t w i l l  pl o t  poi n t s  a t  the s cre en ' s four corners : 

PLOT.  2 ,  0 ,  0 ,  0 ,  1 27 ,  1 27 ,  1 2'7 ,  1 27 , 0 ,  255 

Y Poi n t  Pl o t - ( bi n ary 25 2 )  

The Y Poin t P l o t  i �  e n t e re d  by a bi nary 25 2 c o d e  after the gene ral 
P l o t  f.lode i 9  c n t c J• c d  or <l U t o�Ja t i c u l l y  f r om t h e:  X Poi nt Plot  subr;Jode 
after · the X val ue l 1as been sen t . The next by t e  received aft�r e n teri ng 
the Y Poi n t Pl o t  s u bmodc d e f i ne s  the Y val u e of the block to be plot ted 
and i n t esi fi es t h a t  block . If t h e  neH b l o c ! :  i s  Hi thi n a charac t er 
po si tion t ha t  c o n t a i n s  a n  ASC I I  � h a ru c t o r ,  t h e n  t h e  ASC I I . ch a rac ter is  
replaced c ompl e te ly by the new b l o c k  a n d  i t s  associated c o l o r .  
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XY I ncremental Poi n t  Pl o t - ( b i n a ry 25 1 ) 

The XY I ncreme n tal Po i n t  P l o t  subr.10de i s  e n tered by a b i n a ry 25 1 
code whi l e  i n  the general P l o t  Mod e . The next by t e  d e fi n e s  the next 
two ( 2 ) i ncreme n t s  as shown b e l ow . Th i s  by t e  may t ake on val ue s  i n  the 
range 0 t o  239 s i nce t h e bi nary c o d e s  from 240 ' t o  255 are u s e d  for the 

plo t  submodes . 

The 4 tHo 

b7 b 6  b5 b lj b 3 b 2  b 1 bO 

[ X ] [ y ] [ X ] [ y ) 
1 2 2 

Pl o t  Blo c!: P l o t B l o c k  2 

bi t c o d c: s  az·e d e fi ne d as foll o1g; : 

0 No c h a n3e 
1 N 0 g a t i v e  i nc r e m e n t  
2 Po s i t i v e  i n c r coe n t 

3 No c h a nce 

I f  bO tlu�ou,;h b3 arc "O " s ,  th e n the pl o t  block Hill not plo t ,  bu t 
wi ll s t i l l  i ncre� c n t  a c c o r d i nG to t h o  c od i n� o f  blt  t hr ough b7 . Th i s  
al loH s  ski ppi ng a p l o t  i n c r eli1e n t  b y  pl o t t i nc; an " i nv i si b l e "  b l o c k . The 
XY I n cremental Plot raodc �:�ay be: tc r·rai n.:.t.cd by the Plo t l'lode Es c a pe c od e 
255 . 

The fol l oHing s ar:1 p l e  pl'ogr·<:un H i l l  do a r a ndom Halk us i nc; the 

· Incremental P oi n t Pl o t  mod e . 

1 0  DEF I�iln ( X )  = HIT(  x·:! fUJD ( 1 ) )  
20 PLOT 1 2 ,  6 ,  6 : 11 Et l  CLEAR SCFl EEtJ AND PLOT HI L IG HT DLUE 

30 PLOT 2 , 6 3 , 6 3  : R EH PLOT POIIIT I N  THE HI DDLE OF THE SCR EEIJ 

IJ O PLOT 25 1 : R Ef.! EHTER INCFlEHENTAL POINT PLOT I-10DE 

5 0  FOR I= 1 TO 1 0 00 
60 I tJC= FI.JTl ( 3 )  ·:I G 4 +Ftl Fl ( 3 )  ;:  1 6+FtJ R (  3 )  ll li+FN R ( 3 )  
70 m:u USE O!J LY THE FI I1ST TIIREE D I R ECTION CODES 

75 IF ( I I I C  AlJD 1 5 )  =0 Ti lE!·! 60 : 11 CI·1 1-1 0  ALLOH IHVISIBLE BLOCKS 

80 PLOT II'J C  

90 UEXT I 
1 00 PLOT 255 11 EH ESCAPE Fnrni PLOT MODE 

1 1 0 END 

X Dar G r a p h , XO Val u e  - ( 25 0  b i nary ) 

The X Dar Gr2ph , XO Va l u e  pl o t  s u bm o d c  i s  e n t e r e d  by a bi na ry 250 
code a f t e r  the L)c nc ral P l o t  ! lode  is c-! n tered . I t  may a l so be e n tered 
dire c t l y  fror.t any o f  the o t he r  p l o t  ::;u bmod e s  e x c e p t  for Chara c t e r  .Pl o t .  
A f t e r  e n ter i ng the X Ba r Gra pl1 , XO V a l u e  su br.tod e , t h e  next by t e  d e fines 
the XQ val ue o r  the l e f t  h o r i z o n tal s t a r t  b l ock o f  t h e  h o r i z b n t a l  bar 

graph . The XO �ay ra nge in v a l u e  from 0 t o  1 27 and a l l ' o t he r values 
have 1 28 sub t ra c t ed g i v i ng a new XO value i n  the r anae 0 to 1 27 .  

U po n  r c c c i v i n� t h e  XO v n l u c , t thc v a l u e  o f  XO i s s tored i n  memory 
a�d the Crn lPUCOLOn I I  i s  a u t oma t i c a l l y  p l a ced i n  t h e  X Bar Graph , Y 
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Va l u e  pl o t submode ( 2� 9  bi na ry . )  A f t e r re cc 1v1 ng the next b y t e  as the 
Y val ue , the· COJ.lPUCOLOrl II is au toma ticall y pla ced in the X Da r Graph , 
X tlax V a l u e  p l o t  submodc ( 2 11 8 bi nary . ) A f t e r  r e c e i v i ng the X Hnx value 

the horizontal bar craph is d r awn 6n the s c r e e n  and the COMPUCOLOR II 
i s  placed back in the X Dar Graph , Y Va l ue plot sub�odc ready to 

re ceiv e new Y and X Hnx value pai r s  un ti l a neH p l o t  sub1nodc i s  
e n t e red . No t e tha t once a n  XO value i s  d e fined i t i s unnece ssary t o  
respe c i fy i t  f o r  e a c h  hori�ontal l i n e i n  t h e  b a r  graph . This proce �0 
is shown i n  t he fol l owing exampl e .  

Func t ion 

Pl o t  Hade 
or 

Pl o t  Su br;;ode 
. 
X Dar Graph , XO Va l u e  
XO value 

Y v al ue - l i ne 1 
X ! lax v a l u e  - l i n e  

y value - l i ne n 
X lbx value - l i ne 11 

Plo t E S C <:\ P C  
o r  

Pl o t Subt1o de 

Code 

2 

2 1 10  t o  25 3 

250 
0 to 1 27 

0 to 1 27 
0 t o 1 27 

0 to 1 27 
0 t o  1 2'( 

25.5 

2 1 10  to 25 't 

For exa�pl c ,  from BASIC � hori z o 11 t a l  b a r  graph pl o t ti ng a si ne 

func t i o n  can be drawn as fol lo�s : 

1 0  PLOT 6 , 6 , 1 2  : HE!·l .SET COLOH TO CYft.ll, AND CLEAR SCFlEEU 
20 XO = 1 0  : f1El1  SET XO Vft.LUE 
30 PLOT 2 ,  2S O , Y..O : fl EH ENTEH X 13f!.H G R A P H  SUC!lODE - SET XO 
40 FOR Y=O TO 1 27 STE P 2 : H EM SET Y VALUES 
50 PLOT Y , X0+5 0 l! ( 1 + SII� ( Y/ 1 0 ) )  : fl EI·I SCALE SINE FUUCTION 
60 NEXT Y 
7 0  PLOT 255 : REM PLOT ESCA PE 

As c an be se en from the above exampl e s , once in the X Bar Graph , 
XO nod e , i t  i s  nece ssary only to d e f i n e  only two p o i n t s  for each new 
l i n e i n  the bar graph� The bar graph i s  drawn a f t e r  r e ce i v i ng the X 
Max value . Any o f  t he o t h e r  p l o t  s u�aod e s  can be e n tered d i r e c t ly from 
the three X J3ar G r a ph :>u bmod c s .  l lu l t i p l c  co l oped bar graphs can be 
drawn by l e a v i nG p l o t  mod e ,  changing the colo r , a nd r e- e n t e ri ng the X 

Bar Graph , Y Value ::;ubmodc ( 2119 binary . ) I n  t h i s  case the or igi na'I XO 
value wou l d  b e  pre served . Lines d r aw n  i n  t h i s  mode are one p l o t  block 
wide ; thicker l i ne::; c a n  be d t�mm by chant;i ng t h e  Y value by 1 a nd 
replo t ti ng i t  al o ng w i t h  the s ame X Max value or using the X 
I ncremental Dnr Gra ph s u bmode . 
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X Bar G raph , Y Va l ue - ( 24 9  bi nary ) 

The X Ba r G r a ph , Y V a l u e  p l o t  submode is  e n t ered by a binary 249  
c ode o r  au toma t i ca l l y from t he X na r G r a ph , X O  Va l u e  p l o t  s u bmode . 
A f ter e n t e r i ng t h i 3  su bmodc t h e  next by te i s  u s e d  as t h e  Y v a l u e  of the 
next l i ne i n  the bar graph to be plo tted , a nd the COMPUCOLOR II i s  
automa t i c a l l y  placed i n to the X Dar Graph , X Max Val ue p l o t  s u bmode 

( 248 binary . )  Any o f  the other plot sub�od e s can be e n t e red d i r e c t ly 
· from thi s submode . For r;tot'e  i nfo t�ma tion o n  t h i s  subtJo dc sec the 

d e s c ri p t i o n  o f  the X Bar Graph , XO Value submode ( 25 0  b i nary . ) 

X Bar Graph , X Max Value - ( 24 8  bi nary ) 

The X Bar Graph , X Max Value plot submodc i s  e n t e r e d  tJ a bi nary . 
211 8  c o d e  or automa ti cal ly frol:l the X nar Gra ph , Y Value pl o t  submo d c . 
After e n t e r i ng t h i s  submodc the next by t e  i s  u sed as the X Max va lue of 
the l ine in the bar graph . The l i ne i s  p l o t ted , a nd t he COMPUCOLOR II 
is au tomat ic al ly placed i n t o  t h e X Bar G raph , Y V a l ue p l o t  s u bwode ( 24 9  
bin ary ) which a l l ov1s the n e x t  l i n e  i n  t h e  bar gt� n ph t o  b e  d e fined and 
drawn . Any o f  the o t her p l o t  s ubrnode s  can be ente red d irec t l y  from 
this submo d e . For more i n for·ma tion on this s u bmo d c  see the d e ::> c r i p t i o n  
o f  t h e  X Bar Graph ,  X O  va l u e subl;Jode ( 250 b i n a Py . ) 

X I nc remen t al Bar G ra ph - ( 24 7  bi nary ) 

The X I ncr c1:Jent:1 l  Bar G r·aph  pl o t � u buode i :::: e n t e red by a b i nary 
247 code . After e nt c !'i ns t h i s  :.;ubraode t i l e  next byte de fines the ne:< t 
two horizon tal and v e r t i c al i ncreme n t s  for two I Jorizontal bar craph s .  
Thus , i t  i s  po s si ble to po3i tion a b a r  graph o n  e i t he r  s i d e  of t he 
pres e n t  loca tion by addi nc; or sub tr•act ing an j. nc rcme n t to the bar 
graph previously · de fi ned . The cod i n3 and compo s i t ion of the 
i ncremen t al d i r e c t i o n  code i s  the same a s  that d e fi n e d  in the XY 
I ncreme ntal Po i n t  P l o t  subino d e  ( 25 1 bi nary . ) Any of t he o t her pl o t 
submodes c a n  be e n t e r e d  d i r e c t l y  from t h i s  s u bmode . 

Y Bar Graph , YO V a l u e  - ( 2 1! 6 b i nary ) 

The Y Bar Graph , YO Va l u e  p l o t  submodc i s  e n t e re d  by a bi nary 246 
c o d e  a f t e r  the general Plot !·lod e  i s  en tered . I t  may also be entered 
d i r e c tly frora a ny of the o ther pl o t  subr�odes except for Character Pl o t .  
A f ter e nt e r i ng the Y Bar draph , YO Value s u bmod e ,  the next byte d e fines 
t he YO �alue or the l e f t  vertical s t a r t  b l o c k  of the v e r tical bar 
graph . The YO rnay ra n�e in v a l u e  from 0 to 1 27 and all o ther values 
have 1 28 sub t ra c ted givin� a new YO value in the ranee 0 t o  1 27 .  

Upon re c e 1 v 1 nc; the YO value , the v a l u e  6f YO i s  s tored i n  memory 
and the co•tPUCOLOn II i s  au t oma ti c al l y p l a c � d  in the Y Dar Graph , X 
Value p l o t  submotle ( 2 1 1 5  b i n a ry . ) A f t e r  recei vi ne t h e  next byte as the 
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X value , the COr lPUCOLon I I  i s  au toma tic&lly  placed i n  the Y Bar Graph , 
Y tlax Value p l o t  submodc ( 2 !� 1 � bi nary . ) After receiving the Y l·1ax value 
the vertical bar grapS i D  drawn o n  the screen �nd the COMPUCOLOR I I  is 
pl a ced bacl{ i n  the Y Dar Gra ph , X Value pl o t  submodc !'c ady to r eceive 
new X and Y Max value pai r s  u n til n new p l o t  submode i s  e nt ered . Note 
that once an YO value i s  d e f i ned it i s  unne cessary t o  respecify i t  for 
each vertical l i ne i 11 the bar graph . This process is shown i n  the 
fol lowi ng exampl e .  

F.unc t ion Code 

Plot  r lode 2 
or 

Pl o t  Submode 2110  to 253  

'J. Dar G t'aph , YO Value 21� 6  
YO value 0 to 1 27 

X value - l i.ne 0 t o 1 27 
y Hax value - l i ne 0 t o 1 27 

X value l i ne n 0 to 1 27 
y !·lax value - l i ne n 0 to  1 27 

P l o t  Esco.pc 25 5 
o r  

. Plo t Subrnodc 2110 to 25 !1 

For examplc r from DASIC a v e r t i cal bnr graph pl o t ting the area 
unde r a random fu nction can be d rawn as fol l ows : 

1 0  PLOT 6 , 6 , 1 2 : REM SET COLOn TO CYAN AND CLEAR SCR EEN 

20 YO = 1 0  : f1 E!1 SET YO VALUE 

30 PLOT 2 ,  211 6 , YO : f!El·l ENTEH Y DAR GnAPl l  SUBI·lODE - SET YO 
11 0 FOR X=O TO 1 27 : R E!·! SET X VALUES 

5 0  PLOT X ,  YO+ 1 00 .;:miD(  1 )  : RE1·1 SCALE TlANDOi l FU HCTIOH 

60 IIEXT X 
70 PLOT 25 5 : REM PLOT ESCA PE 

As chn be seen from the above exampl e s , once in the Y Bar Graph , 
YO mode , i t  i s  necess ary only to define only two points for each new 
line· in the bar grapl1 . The bar �raph is drawn a f t e r  r e c e 1 v1 ng the Y 
l 1a>: value . Any of  the o th e r  pl o t  3ubmod es can be  entered dire ctly fpom 
the three Y Bar Graph submod c s . Mul t i p l e  col ored bar graphs can be 
dr a\ln by l e aving p l o t  node , changi n� the col(w ,  a nd re-en tering the Y 
Bar Graph , X Value subt:lod c ( 21 15 bi nary . ) In  this  case the oriGi nal YO 
value i s  pPcservcd , L i n e �  d rawn i n  this  mod e arc one pl o t  block �ide ; 
thick�r l i nes can be d rawn by chanGing the X va lue by 1 a nd repl o t ti ne 
i t  along w i th the same Y Max value or using the Y Incremental Dar Graph 
submode . 
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Y Bar Grap h ,  X Value - ( 2q5  binary ) r 

The Y Bar Graph , X Value plot submode is e ntered by a bi nary 2�5 
code or au tomatically from the Y Bar Graph , YO Value plot nubmode .  
After e ntering this subrnode the ne� t byte is  u s e d  a s  the X value o f  thQ 
next l i ne in the bar gr<.;ph t o  be plotted , and the CO!-lPUCOLOR II :C_(, 
au tomatically placed into the Y Bar G raph , Y Max Value plot  subnode 
( 2� �  binary . ) Any of the o ther plo t su brnodes can be entered directly 
from this submodc , For more informa tion on this submode see the 
description of  the Y Bar Graph , YO Value nubmode ( 2� 6  binary . ) 

Y Bar Graph , Y Hax Value - ( 2 4 11 binary ) 

The Y Bar Graph , Y Max Value plot submode i s  e ntered by a bi nary 
21111 code or au toma tically from the Y Bar G Paph ,  X Value plo t  submode . 
After entering this s u brnode the nex t  byte is  used as the Y Max value of 
the l ine in the bar cr aph . The l i ne is  plotted , a nd the COMPUCOLOR II 
is  au toma tically placed i nto the Y Dar G r a p h , X Value pl o t  submode ( 245  
binary) whi c h  allows  the next line in the bar graph to be defined and 
drmrn . Any of the othet' plot  subc10des  can be e n tered direc tly from 
this subnodc , For more informa tion on this submode see the description 
of the Y Bar Gr�ph , YO value submode ( 2 1 16  binary . ) 

Y I ncreQenta l  Bar G ra ph - ( 2� 3  binary) 

The Y Increme n t a l  Bar G r a ph pl o t  submodc is e ntered by a bi nary 
2� 3 code . After enterinG this submodc the ne x t  byte defines the next  
t\w vertical and h or i z o n tal i n c r emen ts fot' two ve rtical bar graphs . 
Thus , i t  .is  possible t o  p o s i t i o n  a ba r graph on either side of the 
present location by a dd i n� or• subtrac t i ng an i ncreme n t  to the bar graph 
previ ously defined . The codine and composi tion of  the i ncrecental 
dire c tion code is  the same as that defined in the XY Incre:aentul Poi nt  
P lo t  submode ( 25 1 oi nar'Y . )  Any of the o ther plot  submodes can be  
entered d i re c tly  ft•om this  subr:10d e .  

XO Vector Plot - ( 24 2  binary)  

The XO Vec tor Plo t submode is en tered by a bi nary 242 code aft e r  

the ge neral Plot Mode is e ntered . Af ter e n terins the X O  Vec tor Hode 
the next byt e  d e fi nes the XO point of the vec tor beine d rawn . The 
vector mode requires two endpoints to be defined ( i . e . XO , YO and 
X 1 , Y 1 . )  �he X 1 , Y 1 values should be previously defined by way of  the X 
and Y Poi n t  Plo t  submodcs ( 25 3  and 25 2 binary . )  Upon receiving the XO 
value the COi1PUCOLOR I I  is automatically placed into YO Vector Plo t  
submode .  After receivinG the YO value t h e  crn 1PUCOLOR I I  p l o t s  t h e  best 
fitting s t raight l i ne between XO iYO and X 1 , Y 1 using the pl o t  blocks and 
returns to the XO V e c t or Plot subrnode ,  ready to plot vectors be tween 
successive XO , YO pairs . This  process is shown below : 
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Fu nc tion Code 

Plo t  l lode 2 
or 

X Poi n t Plot 25 3 

X 1 Ve c tor poi n t 0 to 1 27 
Y 1  Vec tor poi n t 0 t o  1 27 

xo Vcctol' Pl o t  24 2 

xo Vector' poi n l  0 to 1 27 
YO Vector poi nt 0 to 1 27 

. 
xo Ve c t or poi n t n 0 to 1 2'1 
YO Ve c tor point n 0 to 1 27 

Plot Escape 25S 
or 

Pl o t  Su braodc 2 ' 1 0  to 25 '1 

Thus , in DASIC Lhc above sequence becomes 

1 00 PLOT 2 ,  X 1 , Y 1 
1 1 0 PLOT 211 2  
1 20 FOR != 1 T O  i'l 
1 30 PLOT XO ( l ) , YO ( I ) 
1 l�Q NRXT I 
1 50 PLO!! 255 

To plo t a rcc tan�le around the entire  screen simply execu te the 

s tatement 

PLOT 2 ,  0 , 0 ,  2 4 2 , 0 , 1 27 ,  1 27 , 1 27 ,  1 27 , 0 ,  0 , 0 ,  255 

YO Vector Plot - ( 24 1  binary ) 

The YO Ve c tor Pl o t  submode i s  entered by a binary 211 1 c ode after 
the general Plot Mode iG entered . After ent ering this submode the 
next byt �  defines the YO value of the vector being draw n .  There is no 
reztri c t i o n  on YO except that i t  wus t  be i n  the ranee 0 to 1 27 . Upon 
rece iving the YO val u e  a vector is p l o t ted from X 1 , Y 1 t o  XO , YO Hi th 
XO , YO repl a cing the old X 1 , Y 1 e ndpoi n t .  If the next vec to r has a X 1 , Y 1 
value equal to the old XO , YO value , th e n 01 1ly the nGw XO , YO values need 
b e  sen t .  This effe ctively dr·aHs a v e c tor . from the presen t  XO , Yr:. 
pos i t i on to the new XO , YO posi tion . For mor e  i nformation on this 
submode see t he descri ption o f  the XO Ve ctor P l o t  submodc ( 24 2  biriary . ) 

-'{ 2-
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Incremental Ve c tor P l o t  - ( 240 bi nary ) 

The Inc1·omen tal· Ve c tor P l o t  su bmode i s  e n t e Ped by a b i nary 240 
code after the ge neral Plot Mode i s  o n teped . A f t e r  enteri ng this 
submode t he next by t e  defines the i ncreme n t s  in the XO , YO a nd X 1 , Y 1 
values for t he v e c tor from X1 , Y 1  to XO , YO .  The v a l u e s  for the 

increme n t s  arc defined a s  fol l m.Js : 

b7 b6 b5 bli b3 b2 b 1 

[ X ] [ y ] [ X ] [ y 
1 1 0 0 

The 4 t\·10 b i t  c o d e s  for tho i ncreme n t s  

0 No ch ange 
, Negativ e i nc reme n t  

2 · Posi tive i n crement 

3 No change 

bo 

] 

are defined a s  fol l oHs : 

The i ncremental d i r e c t i o n codes are similar t o  those u s ed for the o ther 
i ncrement pl o t  s ubmod e s .  Furthermore , i f  e i theP hal f o f  the word is 
all zeroe s , t h e n  t h e  corrcs pondi nB X , Y v a l u e s  H i l l  be changed bu t no 
v e c t o r  wi l l  be d r awn . Th i s  a l l ows e ndp o i n t s  for the v e c tors to be 
skipped . The only t ime a vec tor is d r awn is when both halfs of the 
Hord al�c non- zero . ThE! I n c r· eme n t a l  V e c t or Pl o t  submode docs not 
au toma t i c a l l y  tran3fcr con trol t o  any o the r pl o t  submod e .  The r e fore , a 
seri e s  of i n cremental mov ements i n  b o t h  X 1 , Y 1 and XO , YO can be made by 
send i ng c o n s e c u t ive i ncl�c,n:8 n t<J.l direction codes . 

-7 3 -

- -- ___ , 



1 0 .  FCS 

1 0 . 1  Introduc tion to FCS 

The File Control Systeru , or FCS ,  is used to manaee the di ske t tes 
which .s tore proe;ram:J . The r i l e  Control Sys tem enab l e s  the user to 
s tore and s ave programs , sc reen displays , a nd arrays . 

To enter FCS the user mus t  first  type ESC D ,  then the me ssage 
promp t FCS> Hi ll a ppear . Once in t he Fi l e  Control System , commands 
should be entered a ft er the FCS> promp t .  For exam p l e , the coomand Din 
should be used for l i s t i ng the direc tory o f a diske t te . To change from 
one drive to ano t he r ,  the qor.1mand DEVO : li!U s t  be typed for the i nternal 
drive , and _ DEV 1 : mu s t  be typed for the external d i sk drive . 

J.1achi ne- code programs may be in ei ther one of t1-1o . di ffe rent FCS 
fi le types : 

FILE TYPE . PRG 
A . PRG type fi l e  i f! c r e a ted uith t h e  FCS SAVE command . I t  i s a 

machi ne- code prog ram i n  "M emo ry image" fore . The i nformation i n  the 
fil e  is a conticuous r.1er:1ory iJJ<:i[;e of the pr·oct'Gm . The nuti cof:!r,nnd wil 1 
load a . PRG fi l e  i n t o  cc�ory � tart i ng a t  the specified Load Address in  
t h e  fi l e ' s  direc tory e n t ry ,  and bct;) n execution cl t the Start Add ross 
specified in the fil c 1 s d i r c c t Ol'Y e n t t'Y . /\ . Pf!G file i s loaded  i nto 
memory much faster than an . LDA fi l e . There fore , once a program is 
work i n g ,  i t  should  be saved in . PRG form wi t h  the SAVE c ornnand , so · that 
subsequent null I s  c)f the  PPOGram Hill be quicl-::cr . 

FILE TYPE . LD/\ 
An . LDA type fi l e  i s  created by the COl-lPUCOLOR 80 80 Assemble r .  

The file consis t s  of one o r  more data records and i s  terminated b y  one 
end record . Each d ata Pecord speci fics a load address for the record , 
a nd one or more data by tes to be loaded sequentia l l y  into memo ry 

s tarting a t  the load addre� s . The e nd record specifics the starting 
( execution)  address for the program ( the oper•and o f  t h e  EHD s ta teme n t  
in t h e  source procraru) . 

1 0 . 2  The FCS Commands 

The FCS sy s tem has a nu�ber of comma nds 1-1hich enable the user to 
manipulate recot·ds as de sire d . A list  of comm::1nds appears in Appendi;;: 
D . 1 .  The fol lowing comuands are used as expl ai ned below . Before any of 
the se commands may be use d ,  the user mu� t  fir s t  enteP the File Control 
System by typi nc ESC D a s  described above . In the . fol lowi ng 
d e scri-ptions of comma nd s ,  a nsle brackets , < > , Hi l l  be used to d enote an 
e lement of a s t a teme nt that is optional . · The ' Device Na�e '  re fers (3 
t he name and numbe r of the d i sk d ri�e baine used . The COMPUCOLOfl II 
has an i n ternal d i sk d rive , CD01  and a n  optional ext ernal d i s k  drive , 
CD1 . The ' Fi l e  Spec ' i s  t h e  nacc that the us er has assigned to the 
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file fol l owed by the fi lb type ( . PRG , . LDA , . BAS , e tc . ) and , 
op ti onally , h semi colon ( ; )  fo l l owed by a version number i n  the ranee 
0 1  to FF HEX . If the speci fied file is bei ng read , then the default-, 
version i s  the file with the l arGe st version numbe r. Wi th files be i �; 
written ,  the defaul t version nuQbc r is one higher than the large s t  
version numbe r of a n  exi3 ting file o n  the specified device , If no file 
currently exis ts on the disk with th e speci fied name, then the d e faul t 

· version number i s  0 1  • The ' l·1einory Sp ec 1 i s  the 1 Stal't Address 1 i n  HEX 
follmred · by the nunbe r of by tes or follO\·re d  by hyphen ( - ) and the ' End 
Address 1 ,  NOTE : only the f'ii� s t  3 le t te l'S  of a coumand are requi red , · 

COPY 

The COPY connna nd allous the user to copy . a file , possibly to 
ano t her di.sk drive , and is  of the form : 

COPY <Device !lame : > File Spec TO <Device H ame : >  File Spec 

For example : 

COP O : TEST . PRG TO 1 : ABC 

Hhen entere d ,  thi s  commnnd H:i ll  copy the la t e s t  vel'Sion of TEST . PRG on 
device 0 to file name ADC . PRG on device 1 .  

DELETE 

The DELETE c�oma nd al l ow9 for the dele tion of any file on the 
diske t te , a nd i s  o f  t h e  form : 

DELETE <Device N ame : >  File Spec 

For examp l e : 

DEL TEST . BAS ; 1 
DEL 1 : TEST . PRG ; 2  
DEL CD1 : N AME . RND ; 1 

The compl e t e  File  Spc6 i s  needed to delete  a file . This form of file  
protectio� i s  provided to prevent accide n t a l  e rasupes . 

DEVICE 

The DEVICE c 01amand all01•s the user to change the defau l t  device or 
d rive , and i s  of t he form : 

DEV ICE <Device ! lame : >  

I f  t he Device Name is not specified , then the curpent d efau l t  device i s  
l i s ted , For ex ample : I 
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DEV CDO : 

will  change t he d e faul t device to the COHPUCOLOR i nternal disk drive . 

DIRECTORY 

The DIRECTORY c ommand l i s t s  all the proerams on the diske tte  on 
any device , a nd is of  the form : 

DIRECTORY < Device Name : >  

For exampl e : 

DIR 
DIR CD1 : 

DUPLICATE 

The DUPLICATE comnand alloliB a l l  t h e  f i l e s on one disket te to be 
copied t o  ano ther diske t te .  The tuo Gpeci fied devices must be o f  the 
same type , bu t have d i ff e re n t  nur.1b e N: .  The command is of t he form : 

DUPLICATE Device Name : TO Device Name : 

For exar:1plc : 

DUP 0 :  TO 1 :  

I NITIALIZE 

The I!JITI!ILIZE cor.ma nd al loHs t he user to give a diske t te a 
ten- l e tter name and o p t i o n a l l y  assign the number o f  a l l o t ted direc tory 
blocks . This c�ncand c l e a r s  all the direc tory i nforma tion on a 
diske t t e , e ffec t ivel y d e l e t i ng al l fi les o n  the diske t te .  I t  shoul d 
only be used tvhen a 11 c l e an 11 diskette i s  d e s i r e d . I t  i s  of the form : 

INITIALIZE < Device N ame : >  Vol ume Name No . of  DIR blocks 

Fol" ex at1lp l c : 

I IH CDO : SAHPLENJ'.l-lE 
IN! CD1 : TESTDISK0 1 1 0  ( t he 1 0  i s  optional ) 

The COI1PUCOLOR Disk d i r e c tory size d c faul  t s . to 6 bl ocks 
3� fi l e s . Each d i re c tory block c a n  hol d inforoa tion 
howeve r ,  2 e n tries arc ncccc sary fo r t he Vol ume Name 
entri e s , . i . e .  3� = 6 � 6 - 2 .  

l·' 
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LOAD 

The LOAD command allovts the user to load any type file into any 
R AM memory loca tion he may wish . This indicates that the user may 
bring a displ ay to the screen which is corre c t .  LOAD c ommand uses the 
same guid e  l i nes as the SAVE command . The LOAD comma nd operates 
differently depending on tl.c fi le type loaded . The defaul t type is 
. LDA . 

To LOAD a file type other than . LDA , the c ommand is of the form : 

LOAD < Device . Name : >  File Spec <Load Address> 

The fil e  is assumed to be a "memory image" fil e  and is loaded 

contigu ous ly i nto memory starting either at the load address in the 
file ' s  directory entry or at the load adress speci fied in the command 
l ine . 

To load a fi l e  of type . LDA , the command i s  o f  the form : · 

LOAD < D e v i c e  Name : > File Spec < Lowe s t  Address <Memory Spec>> 

Each data record in the fi le j_ s loaded in to memory . If  Lmre s t  Ad dress 
and Memory Spec are not specified , then each record i s  loaded at  the 
address specified in the record . 

If Lowest Address and Memory Spec are specified ,  the defaul t 
Hemory Spec i s  l\0 0 0 - FFFF . A 11mctno ry ra nge " Hil l be de termined as 
fol lmiS : 

1 .  I f  the tlemor'Y Spec i s  omi tt ed , th e  range \/ill  be 110 0 0 -FFFF . 

2 .  I f  o ne nu1�bc r ,  i . e .  CO O O , i s  given for t he l·lemory Spec , then 
the range wil l _ be speci fied by the given number as the low 
limi t and FFFF as t he high limit of the range . 

3 .  I f. two numbe rs , separated by a hyphen are gi ve n for the 
t·1emory Sp e c , th en the range is speci fied by those numbe rs . 

� .  If  two numb e r s , separated by a space or comma , are given for 
the Memory Spec , then the first number will be the l ow limi t 
of the range , and the second numb e r  i s  tho byte  count u s e d  t o  

calculate the high l imit of t h e  range . For exampl e , DOOO 400 
will give a range DO O O -D3FF . 

An "o ffse t " will be calculated as "loH l imi t of memory range" minus 
" Lowest A d d r c s s 11 , Eac h  data re cord Hill t h e n  be l oaded a t  t he address 
specifie d ·  in the record plus the 11 offse t '1 • D a t a  will  be l oad ed only 
within the "memory range 11 as determined above . NOTE : BASIC programs 
must be LOADed and SAVEd in BASI C ,  not in res . 
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READ 

The READ comma nd al lows re trieval of i nforma tion on any part of 
the d i ske tte wi thou t regard to the diectory or progra� boundari e s .  The 
command i s  of the form : 

READ <Device N ame : > S tart Ulock Memory Spec 

For example : 

READ CDO : 20 7000-7 FFF 

re�ds 4 0 9 6  bytes ( 1 0 0 0  !lEX)  from tho i n te rnal d i sk d r iv e  s tarting a t  
block 32 ( 2 0  IIEX ) into t h e  display r,Jc i:lory a t  7000-7 FFF . 

REt! AHE 

The REI! hHE co:arland a l l ah'S the use r ,  in one · s te p ,  to change the 
file name , fil e ,  type ancl the vcrsiun nuc1be r  sc p�rat e ly or collectively 
Hi thou t  chanr;i n� the i nforr:1a tion s tored i n  the program . The s tatement 
i s  of the form : 

REN AME < Device N �rnc : >  File Spec TO Fi l e  Spec 

Fol' examp l e :  

R EN TEST . PR G ; 1 TO NWTEST . PRG ; 2  

renar.ws the file TEST . PHG ; 1 to IJHTEST . PflG ; 2 .  

RUN 

The 
Only tHo 
default 
mus t  be 

R UH comt1and is used to load and cxc�cute machi ne-code programs . 
file are permi t ted Hith the RUN command : . PRG and . LDA . The 
fi l e  type is . PRG . To execute an . LDA file the . LDA extension 

speci fie d .  The RUN command i s  o f  the form : 

RUN <Device Name : >  File Spec 

For exampl e :  

RUN CHESS 

loads and execu tes a file  CHE.SS . PHG from tho d e fa u l t  devi c e ,  

f) 
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SAVE 

The SAVE command al lows the user to save 
program , · or display in a file on a diske t te .  
form : 

any type of data,  
The  command i s  o f  the 

SAVE < Device Nrunc : >  File Spec Memory Spec Start Address 
A c  tuc.l Address 

For example : 

SAVE SCREEN . DSP 6000 1 000  

or 

SAVE SCREEN . DSP 6000-6 FFF . 
will s ave the screen d i s p l ay in a f i l e  c a l l e d  SCREEN . DS P .  

HRITE 

The IV' R ITE comma nd al l oHs i n forliln t.ion to be Hri t ten anyHhere on the 
diske t t e wi thou t rcg�rd to t h e  d i r e c t o ry or previous program 
boundat·.ics , and is of the forr.1 : 

WRilE <Dovice Name : >  S t a r t  D l o ck Number Memory Spec 

NOTE : I t  i s  possible to d e s t roy the FCS direc tory i n forma tion using the 
HRITE c ommand . Care should al1mys be taken vrhen using this cor:uaand . 
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A P PENDICES 

A .  DISK BASIC 

A . 1 BASIC S tatements 

The fol l owing summary of UASIC s t a t ements defines the general 
format for each s ta tement and gives a brief explanation . Optional 
i tems are enclosed in angle brackets , 1 ( 1 and ' > ' . The following i tems 
in the syntax descripti ons are used to rep!'esent different types of 
variables  and · exprcssions : 

var 
nv ar 
svar 
expr 
nexpr 
sexpr 

numeri c or s tri ng variable 
- numeric variable 
- s tring varaiblc 

numeric or s tring expre ssion 
- numeric expressio� 
- s tring expression 

STATEMENT SYNTAX AND DESCRIPTION 

CLEAR CI .. EAI1 <nexpr> 
Clears all variables and optiona l l y  sets the · s tring space 
size to nexpr bytes . 

COHT CONT 
Cont inues execu tion after CTRL/J or LIUEFEED .  

DATA DATA value l i s t  
Defines d a t a  values t o  b e  read using t h e  R EAD s t atement . 

DEF DEF FN nvar ( nvar ) = nexpr 
Defines a user function to be used in the program . 

DIM DIM var( nexpr · < , • . .  , nexpr> ) < ,  . • .  > 
Reserves space for l i s t s  and tables according to subscripts 
specified aflcr variable nar:1e . Up to  255 d imensions . 

END END 
Terminates program execu tion . 

FILE 11 N 11 FILE " N 11 , filename , re cord s ,  reco1'd size , blocki ng factor 
Creates a new random file with the specified number of 
record� ( 1 -3276 7 ) , re cord size ( 1 -32767 bytes ) , and blocking 
fac tor ( 1 -255 ) . Fi le name i o  a string expression containing 
a valid FCS file naQe . � 
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FILE " R "  FILE "R " , filenumbe r , filename , buffers < ; rccords , record size , 
blocking fac tor> 
Opens a random fil e 1 1ith the specified fil e  number ( 1 - 1 27 )  
and numbe r of buffers ( 1 -25 5 ) . 

FILE " A "  FILE " A " , file , current r·ecord < , record s ,  re cord size , blocking 
fac tor> 
Finds the a ttributes for the specified fil e .  

FILE 11 C 11 FILE "C 11 , filc 1  < ,  . . .  > 
Closes the specified fil .es · and releases the buffer space . 

FILE 11 D" FILE 11 D " , fi l e 1  < ,  . . .  > 
Wri te s  any modified buffers for the speci fied fil es  
immediately to  the correspond i ng devices . 

FILE 11T 11 FI LE "T 11 < , l i ne number> 
Causes file e rrors to trap to the specified l ine numb e r .  No 
l ine numbe r turns t h e  file error trapping off.  

FILE "E 11 FILE 11E" , file , e1·ror , line numbC:.: r  
Fi nds the disk error number and location o f  the ' l a s t  file 
error . 

FOR FOR nvar = nexpr1  TO nexpr2 <STE P nexpr3> 
Sets up a loop to  be executed the speci fied number of time s .  

GET GET fil e< , re cord < , first>> ; nvnr , svar[ by te coun t ] , . • •  

GOSUB 

Reads from the record i n  the file starting from the first 
by te into the variables i n  the l i s t .  String variable s  mus t 
have a �yte count ( 1 - 25 5 ) . 

GOSUB l i ne number 
Used to transfer con trol to the specified l i ne number of a 
subrou tine . 

GOTO GOTO l i ne number 
Used to · uncondi tional ly transfer con trol to the specified 
l ine numbe r .  

IF IF nexpr GOTO l ine number 
· IF nexpr THEN line number 

Used to condi tional�y t ransfer control to the specified l i ne 
numbe r .  

I F  nexpr THEN sta tement < : statement : • . •  > 
Used to condi tionally execu te BASIC s t a te�e n t s .  
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INPUT INPUT ( 11 stri ng 11 ; > var < , var , . • .  > 
Used to input d ata from the terminal , promp ts with ei ther " ? "  
o r  t h e  optional quo ted s t ring as t h e  prompt .  

LIST LIST < l ine number> 
Prints t he user program curre ntly i n  memory on the CRT 
dis play , optionally , starting from the speci fied l i ne number . 

LOAD LOAD fi lenrune 
Load s the speci fied file . If no extension i s  speci fied , then 
a BA S I C  program i s  loaded ; o t herwise , the . A R Y  extension 
load s the specified nume r i c a r r ay , and the . DAT ex tension 
loads the spe ci fied d a t a  i n to memory a f ter BASI C ' s  workspace . 

NEXT NEXT < nvar < , nvar , • . •  >> 

ON 

Placed at t he end of a FOR l oop to re turn control to  t he FOR 
s tatemen t . 

ON nexpr GOSUB line numbe r < , l i ne numbe r ,  . . •  > 

Mul t iple GOSUB statement . Transfers control to the l i ne 
n·umber specified by ncxpr . 

OU nex pr• GOTO l ine nlllnbc r < , line nur::uer , . . • > 
Mul tiple GOTO statement . Transfers control to the l ine 
number speci fied by nexpr . 

OUT OUT por t , nexpr 
Outpu ts the specifie d nexpr ( 0 -255 ) to  t he 80 80 por t ( 0 -255 ) .  
CAUTirn J : Do not ou tput to the C R T  controller chips ports 
( 9 6 - 1 1 1 ) • 

. 
PLOT PLOT nexpr < , nexpr , • . •  > 

POKE 

PR HlT 

Sends the one byte resu l t s ( 0 -25 5 ) of the e xpressions to the 
CRT d i s play . 

POKE l o c a t i o n , nexpr 
Causes the one byte resul t of nexpr to b e  placed in the 
specified memory location ( -3 27 6 8  to 6 5 5 35 ) . 

PRINT expr < , cxpr , • • .  > 
PRINT expr < ; cxpr ; . . .  > 

· Prints t he resu l t s  of the expressions i n  the l i s t .  Comma s 
arc used for normal spacing , and s emicolons are used for 
compressed s p acing . I f  ei ther a comma or a semicolon is th� 
last  i tem i n  the pri n t  li s t ,  the carriage return is 
suppressed . 

P R I N T  S P C (  ncxpr· )  
Pri nts t he s p e c i f i e d  number of space s .  
anywhere i n  the pri n t  l i s t .  

P R UJ T  TAI3( n e x p t')  

Hay be placed 

Tabs to the specified  c o l um n . " I· 
May . be placed anywhe re i n  the 

pri n t  l is t . 
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J' 

? Equival e n t  to the keyword PRINT.  

PUT PUT file  < , record< , first >> ; nex pr , se�pr[ by tc count ] < ,  . . .  > 
Wri tes  the expressi ons i n  the l is t  to the record i n  the f i l e  
starting from t h e  firs t byt e .  S tring e xpressions mus t  have a 
byt e  coun t . 

REA D READ var < , var , . • .  > 

REt-! 

R ESTORE 

RETU JH� 

Used t o  assien t he values i n  DATA sta tements t o  the variables 
specified in the l i s t .  

REt-: cow�c n t 
Used to insert c;xplanatory comme n t s  i n  a BASIC pt�ogram . 

RESTORE < l ine number> 
Resets the data pointer  to e i ther the firs t DATA s t a teme n t  or 
bptional l y  to the specified l i ne numb e r .  

RETUTlN 
R e turns proGram con t ro l  t o  t l1e s ta tement fol lo¥ring the last  
execu ted GOSUD sta tement . 

R UN RUN ( l ine number> 
Exe cu tes the E.t\SIC proGram in rncmory , opti o nal ly , star tine a t  
the speci fied l ine numbe r .  

SAVE SAVE filename 
Saves the speci fied fi l e . If no ext ension is specified , the 
current BASIC pr·oet•um in memory is sav e d ; o therHi s e , the . ARY 
ex tension  save s the spe cified nume ric  array , and the . DAT 
ex tcnsiqn s aves the data  in nemory after BASIC ' s  workspace , 

WAIT WAIT port , ncxpr1 < , nexpr2> 
Reads from the spec ified 8080 port and exclusive OR ' s  the 
result  w i t h  ne xpr2 ( 0  if not presen t ) , and then AND ' s  wi th 
ncxpr 1 . The program wa its  until the resul t i s  zero be fore 
continuinG .  

s t a tement s tateme nt < : s t a tement : . . •  > 
A colon i s  used to separate s t a tements i n  a mul tiple  
statement l ine . 
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A . 2  BASIC Operators 

SYHBOL 

= 

+ 

* 

I 

NOT • 

AND 

OR 

= , < , > , < = ,  
= < , >= , = > ,  
< >  

FUNCTION 

Assignment or equali ty tes t ( DISK BASIC docs no t 
al low the LET statement )  

Negation o r  Sub traction 

Addition or String Concatenation 

11ul tipl ication 

Division 

Exponentiation 

Logi cal or One ' s  complement ( 2  byte · i n tege r )  

Logical o r  Bi twi se AND ( 2  by te i nteger)  

Logical or  Bitwise OR  ( 2  byte  i nteger)  

Relational tests  ( result i s  TRUE = - 1  or FALSE = 0 )  

The precedence o f  operators i s :  

1 .  Expressions i n  parentheses 

2 . Exponen�iution ( A" J3 )  

3 .  Negation ( -X )  

lt , ' , 1 

5 .  + , -

6 .  Relational Opera tors ( = , < > , < , > , < = , > = )  

7 . NOT 

- 8 . AND 

9 . OR 

- 8 4 -
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A . 3  Standard Mathema t ic al Func ti o ns 

BASIC prov ides function� to perform c e r tai n s tandard ma thema tical 
operations such as  square roo t s , logari t hms , e t c .  

These func t i ons have three o r  fou r l e t ter c a l l  names followed b y  a 
parenthesized argument . They are predefined and may be used anywhere i n  
a program . 

CALL NAI-1E 

ABS ( x )  

ATN ( x )  

CALL( x )  

COS ( x )  

EXP( x )  

FHt;( x )  

INT( x )  

I N P ( x )  

LOG ( x )  

. . PI):E K(  x )  

POS ( x )  

RND( x )  

SGII ( x )  

SIN(  X )  

. SPC ( x )  

SQJ1 ( x )  

TAB( x )  

-- � - -

FUUCTIOH 

R e turns the a b s o l u t e  val ue of x .  

R e turns the arc tangent o f  x a s  a n  angle i n  radians i n  
range + 'ii / 2 ) , Hhet'e 'ii = 3 . 1 1\ 1 59 . 

Call the user machine langu age program at d ecimal 
l o c a t i o n  33282 . ( 8 202  HEX) D , E  regi s ters have value 
of X and D , E reg i s t ers m u s t  have y on re turn from 
machine la nguage rou tine . 

R eturns the c o s i ne of x radians � 

R e turns the v a l u �  of c where e = 2 . 7 1 828 . 

R e tu rns nuw b e r  of 1'1·ee by tes not i n  use .  

R e t u r ns the �re a t e s t  i n teger l e s s  than o r  equal to x .  

Re t urns a b y te  from i n p u t  p o r t  x .  The range for x i s  
0 t o  255 . 

R &turns the natural logari thm of x . 

R e turns a byte from memory address - 3 27G 8<x<65535 ; if  
x i s  nega ti ve the memory address is  655 36+x . 

Re turns the val ue or the current cursor position  
be tween 0 and  6 3 . 

R e turns a random number between 0 and 1 .  

R e turns a - 1 , 0 ,  or 1 ,  i n d i c a t i ng t he sign of x .  

R e turns t h e  s i n e  of x radi a ns . 

Causes x spac e s to be ce nerated . ( Va l id only i n  a 
PRINT sta tement ) .  

R e turns tho sq uare roo t of  x .  

C auses the · cursor t o  space over t o  column number x .  
( Va l id o n l y  i n  a PRINT s t a te me n t ) . 

t 
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TA N (  x )  · R e tu r n s  the ta nge n t of x r a d i a n s . 

The argume nt x t o  t he fu n c tions can be a c o ns t ant , a v a r i a b l e , a n  
expre s s i on , o r  ano thc t  f u n c t i o n .  Square b r a cke t s canno t  b e  u s e d  a s  the 
e nc l o s i ng chara c t e r s  for the a rgume n t  x ,  e . g .  SI N [ x ]  is i l l egal . 

Func t i o n  c a l l s , c ons i s t i nc of the fu n c t i on name fol l owed by a 
pare n t h e s i z e d  a r gume n t , can be used as e x p r e s s i o n s anywhere tha t 
exp r e s s i ons a r c  l egal . 

Values produ ced by l h e  fu n c t i o n::> S I I I ( x ) , COS( x ) , ATH ( x ) , SQR ( x ) , 
EX P ( x ) , and LOG ( x )  have s i x  signifi c a n t  di�i t:.; .  

A . �  Standard St ri ng Func t i ons 

Like the i n t r i n s i c  m a t hema t i cal fu n c t i ons ( e . g . , SIN , LOG ) , BASIC 
con t a i n s  various func tions for use wi t h  char a c te r s trings . The s e  
func t i ons allow the program t o  a c c e s s  p a r t s  of a s tring ,  de t e rmi ne the 
num b e r  of c harac t e l' S i n  a s t r·ing,  g e n e t�atc a cha rac te r s t r i ng 
corre s po ndi ng t o  a given nu�bc r  or v i c e  v e r s a , a nd pe rfo rm o ther useful 
operations . The various fu n c t i ons ava i l a ble are summarized i n  the 
fol louing t ab le . 

CALL N AHE 

ASC ( x$ )  

Cl!n$ (  x )  

FRE ( x$ )  

LEFT$( x$ , I ) 

LEN ( x$ ) 

lii D$ ( x$ , I , J ) 

FUNCTIOI-1 

1\ c ttu · n :>  t h e  c ic;ht  l.Jit. i n t e m nl ASCII c o d e  ( 0 - 25 5 ) for 
the o n c- c h a r � c t c r  s t r i n g .  I f the argume n t c o n t a i n s  

m o r e  thnn one c h �\ l' a c t e l' ,  t h e n  t h e  code for t h e first 
char•a c t. e r  in the s t r i n e i s t•c turno d . A value of 0 i s  
r e t u r n e d  i f  t i le  al·t;ument i s  a nu l l s t ri ng ( LEU ( x$ )  = 

0 ) . Sec ASC II cod e s  i n  A p p e nd i x  E .  

Generates a o n e - c h a ra c t e r  s t r i ng having the ASCII 
v al ue o f  x who re x i s a numb e r  in the range 0 t o  25 5 . 
Only one chara c t e r  c a n  be ecne r a ted . 

!l e t  u r n s  numb c p  of f't,ec s t r i n fi by t es . ( Sec CLE A R  
s ta t eQc n t i n  3 . 1 1 ) 

R e t u r ns l e f t-mo s t  I c harac t e r s o f  s t ri ng ( x$ ) . If  
I > LElJ ( x�� ) , t l l o n  x$  i s  returned , 

1\ c turns the number of c ha r ac te rs i n  the s tring x$ , 
wit h  non- p r i n ting ch arac t e r s and b l a nks bei ng 
c oun ted . 

J i s  o p t i o nal . Wi t hou t J ,  re turns right-most 
chara c t ers from x $  beginning wi t h  t h e  I t h charac t e r .  
I f  I > LEIH x�; ) , 1-H D �; r e tu r n s  t h e  nu l l  s t ring.  · H i th 3 
argu!Tw n t s , i t  re turns a s t r· i ng o f  le ng th J of 
c h a ra c t e r s  from x$ bcgi n n i n �  w i t h  t he I t h  character . 
I f  J i s  Gre a t e r  tha n the numb e r  i f  charact e r s  i n  x $  
t o  the right of . 1 ,  M I P $  r e t u rns the r e s t  o f  the 
s tri ng . Argum e p t  ra nge s : O < I <=255 , O < = J< =255 . 

,. 
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RIGHT$ ( x$ , I ) R e turns righ t-most I charac ters of stri ng ( x$ )  • . If 
I >LEH( x $ ) , then x$ i s  re turned . 

STR$ ( x ) 

VAL ( x$ ) 

R e turns the s t ring which represents the numeric value 
of x as it would  be pri n ied by a PRINT s t a teme n t . 

Re turns the number re presented by the s tr i ng x $ .  If 
t he first charac ter of x$ i s  not + ,  - or a digi t ,  
then the value 0 i s  returne d . 

I n  the above exampl e ,  x$ and y$ repr esent any le�al stri ng 
expressions , a nd I and J re pre se nt any legal ari thme tic  expre ssions . 

A . 5  BASIC Error Code s 

After an error occurs , BASIC re turns to command level and types 
READY . Variable  val ue s and the proaram tex t re�ain intac t ,  but  the 
prograci c annot be con tinued and all GOSUB and FOR context is l o s t . 

\olhen  an e rror occurs i n  a st a temen t executed i n  immed i a t e  mo�e ,  no 
l ine number is printed . 

Forma t of e rror messa�e s : 

Stored B A S I C  s t atement 
Imruediate  mode stateme nt 

XX Ef!ROR 
XX ER ROR IN YYYY 

· I n  bo th of the above exampl e s , " X X "  i s  the crt·or cod e .  The " YYYY " 
i s  the l ine number in  whi c h  the ' e rror occurred i n  the indirect 
statemen t . 

· The fol lowind arc the p o s s i b l e  e rror cod es and their meani ngs : 

ERROR 

BS 

DD 

HEAUING 

Bad Su bs cri p t .  A n  at tempt was made to reference a ma trix 
element which i s  outside the dimension of the ma trix . This 
error can occur if the wrong number of dimensions is used i n  
a matrix refere nc e .  For i ns tance , A ( 1 , 1 � 1 ) = Z  when A bas· 
been dime nsioned DIH A ( 2 , 2 ) .  

. Doub l e  Dime nsion . After a 
dimension s ta tement for the 
Thi s e rror of ten occurs i f  
default dime nsi on 1 0  because 
encoun tered and then l a ter 
found . 
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CF 

I D 

N F  

OD 

OH 

ov 

SN 

RG 

Call  Fun c t ion e rrot� .  The pa r·ame ter passed t o  a ma thema tical 
or s trinG func tion was out o� range . �F e rrors can occur due 
to : 

1 .  a nega t ive oatrix subscript  ( A ( - 1 ) =0 )  
2 .  a n  unreas onably l arge natrix subscript  ( >32767 ) 

3 . LOG wi th a ne3ative or z e ro argume n t  

4 .  SQR w i th a nega tive argume n t 
5 . A A B  with  A neGati ve and n not a n  i n teger 
6 .  a CALL ( x )  be fore the address o f the ma chine l angu aGe 

subrou t i ne has been patched i n  
cal l s  to IHD$ 1 LEFT$ , HIGHT$ , I N P ,  
POKE , TAB , S P C  o r  ON . • .  G OTO/ GOSUB 
argume n t  

OU T ,  
wi th 

HAlT , .PEE K ,  
a n  improper 

I ll egal Di re c t .  You cannot use a n  I N PUT or DEF s t a teme n t  i n 
;l.mmed i a t e mod e . 

N EXT w i thout FOR . The variable i n  a NEXT s t ateme n t 
corresponds t o  no previously me n ti oned Fon s ta teme n t . 

Ou t o f  Data . A R EAD s ta temen t was exe cuted but  all  of the 
DATA s tatemen t s  in the proGram have al ready been read , The 
program tri e d  to read too much data or a n  i nsuffi ci e nt number 
of data  values were i ncl ude d i n  the program . 

Out  o f  l1emory .  Program too l a rce , too many variabl e s ,  or too 
many Fon loops , too many GOSUB ' s ,  too compl ica ted an 
expres s i o n ,  or any combin a ti on of the abov e . 

Ove rflow . The re Bult  of a cal cu l a ti on was too la rge to bo 
re pre sen t ed in BASIC ' s  numeric forma t .  . If a n  und erflow 
occur s ,  zero i s  Given a s  t h e  resu l t  and execution co n ti nue s 
w i thout any er ror message bei ng printed . 

Syntax e rror . Hissing parenthesis i n  a n  expre ssion , i l l egal 
chara c t er in a l i ne , incorrect punc tuation , e t c . 

RETU RN wi thou t GOSU D . A RETURN s t a t eme n t  was e ncoun t ered 
wi thout a previous GOSUB s ta teme n t being exe c u t e d . 

U S  Unde fined S t a temen t .  An a t tempt was made to G OTO , GOSUB , or 

/ 0  

CN 

' THEN t o  a s tateme nt which does not exi s t . 

Division by Zero . 

Con t i nue error . A t tempt to continue a program whe n none 
ex is ts , an error occurred , or after a new l i ne was typed i n to 
the program . 
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LS 

OS 

SL 

ST 

'fH 

UF 

Long String.  A t tempt wa s Qade by uie of the concatenation 
opera tor to create a string more than 255 charac ters l o ng .  

Ou t o f  S tfing Spac e .  Use the CLEAR X s�a tement  t o  allocate 
more s tri ng s pace or use smaller strinGs or  fewer s tring 
variabl e s . 

SAVE/ LOi\D err·or . ( FrorJ d i sk operati on . ) Other e rror message'< 
may also appear from the File Cont rol System.  See Appendii 
B . 2 .  

String Temporaries .  A stri ng expression wa s too compl e x .  
Break i t  i nto two or more shorter expressions . 

Type l 1isma t c h .  The l e f t  hand side of an  assignmen t  st atement 
was a numeric variable and the right hand side was string,  or 
yice versa,  or , a fu nction which expec ted a s tring argument  
was give n  a nuhleric one  or vice versa . 

Unde firied Fun ction . Reference was made to a user defined 
func tion which was never d e f i ned . 

A .  6 BASIC Rand ou1 File Error· Codes  

EHROR 

EV 

BF 

NO 

AO 

FS 

no 

EF 

co 

Nummn HEMH JJG 

2 

6 

8 

1 0  

1 2  

1 4  

N o  et'ror v e c t o r .  l l o  f i l e  en·or t r a p  U n e  numbe r has 
be en sc� t  H i th a FILE " T "  sta temen t .  

Bad fi l e  name . Improper FCS file nrune . 

File  not ope n .  The s p e c i fi e d  file number is  not 
ope n .  

F i l e  al re.:tdY ope n .  
already i n  use . 

The spec i fied  fil e  numbe r i s  

File  size error . The file 
FILE " N "  statement i s  
parameters on the file being 
s tatement are imprope r .  

be i ng created w i t h  the 
too large or the fil e  

opened with t h e  FILE " R "  

Record overfloH . Too mariy d a t a  bytes were ei ther 
read from or wri tten to the current record . 

End of fi l e .  Tried t o  read or  write past the end o f  
the file . 

Cant ' t  open fi l e .  
on the upecified 
hardware problem . ) 

[i 

The specified file  d oes not �xist 
device . ( Possi b ly a. diske t te or 
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cc 1 6  C an ' t close file . The spe c i fied  file  can not be 
c lo�cd . ( Uoual ly a diske tte or ha!'duarc problem . )  

RE 1 8  FCS READ error . ( Usual ly a diske tte o r  hardware 
problem . ) 

\iE 20 FCS \-/RITE error.  ( Usually a diske t te or hard Hare 
problem . ) 

.. 

" . ( :· . .s 
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B .  FCS ( File  Control Sy s t em ) 

D . l FCS C omma n d s  

T h e  Fi le Con trol Sy s tem is e n t e r e d  b y  pressing ( ESC)  then  D from 
the keyboard , or PLOT 27 , 4  from BAS I C .  ( O n l y  the f i r s t  three l e t t e r s  

o f  the command n e e d  to be typcd i n . ) I f  ( ESC ) , D is froiil the keyboard 
then BASIC is termi nated and mu s t  be re- e n tered by ( ESC ) , E key 
sequence . 

The fol l oHing defini tions Hill  be used to d e scribe the FCS 

commands : 

( ) . denotes manda tory ·C l eme n t ;  
[ ] d e no t e s  optional e l e�ent and i f  no t specifie d , wi l l  re sul t i n  

t h e  d e faul t type . 

( Device name : ) = [ Device type ] [ ! !umbe r ]  ( : ) 
Device types are C D ,  MD , a nd FD for Compucolor Di sk , 
Mini- Dis k ,  and 8 "  Fl oppy d i s k  and numbe r  i s  ei ther 0 or 1 .  

( Memory s p e c )  = ( Load address ) ( by t e  coun t )  or ( - e nd address ) 
All  memory addresses arc i n  HEX forma t .  

( Fi le Spec , ) = ( F-i l e  name ) [ . Type ] [ ; V e rsion ] 
File  n ame i s  any 6 characters . Ty pe can be any three 
charac ters and PRG i s  the defaul t ty pe . Version i s  0 t o  FF 
HEX . NOTE : After a defa u l t  dev i ce type has been selected 
only the numbe r of the device i s  r·E:quir·ed ,  The dcfuuj _ 
device for the COMPU COLOR I I  i s  C DO . 

COMHAND SYNTAX AND DESC R I PTION 

COPY 

DE LETE 

DEV I C E  

DIRECTORY 

DUPLI CATE 

COPY [ Device Harne : ]  ( Fi l e  Spec ) TO [ Device Harne : ]  
[ Fi l e  Spec ] 
Copi e s  the specifie d fil e ,  usual ly , to ano t her 
device . 

DELETE [ Device Name : ] ( Fi l e  Spe c )  
A l l  Fi l e  Spec options are require d .  Dele t e s  the 
speci fied fi le . 

DEV I C E  [ Device Name : ] 
Sets and d i s pl a y s  the  current d if�ul t Device Name . 

DI RECTORY [ Device Name : ]  
Lis ts the directory for the de faul t or speci fied 
device . 

DUPLI CATE ( DGvicc l l a111c : )  TO ( Device llame : )  
Du plicates a l l  the f i l e s  o n  one di ske t te to another 

diske t te on a second d ev i ce . 
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EXIT 11 FCS " 

INITIALI ZE 

LOAD 

READ 

REH AHE 

RUN 

SAVE 

HIUTE 

ESC ESC or ESC E to retufn to BASI C .  

. INITIALIZE [ Device Name : ] ( Volume N ame)  N o .  Dir . 
Dlocks 
Initializes the direc tory on the diskette  currently 
i n  the spec i fied device with the giv e n  Volume Name 
and numbe r of direc tory blocks . 

LOAD [ Device Name : ] ( Fi l e  Spe c )  [ Low Addr [ Memory 
Spec ] ]  
Loads memory with a proGram . Defaul t s  to . LDA type 
fil e s  wri t ten by the COHPUCOLOR II Assembl e r .  ( Se e  
Section 1 0 . 2  for c omp l e t e  d e tails . )  

R EAD [ Device Name : ] ( S tart D l o ck Ho . )  ( Memory Spec )  
Reads into  �emory from anywhere o n  the d iske t t e  
s tarting at  any block a n d  e nd i ng whe re specified , 
wi thou t regard to program bound ari e s .  

REJ1t.t!E [ Device l lamc : ]  ( File Spe c )  T O  ( Fi l e  Spe c )  
A l l ow s  any file t o  b e  renamed wi thout changi ng any 
i nforma tion in the fi l e i t sel f .  

RUN [ Device Name : ] ( Fi l e  Spec ) 
Loads and exe cutes  the specified program . 
defau l t  type i s  . PRG . 

SAVE [ Device Nwne : ] ( Fi l e  Spe c )  ( Memory Sp e c )  
Address [ A c tual Addre ss ] ]  

The 

[ Start 

Saves r.�emory image in  the s p e c i fied  file . The Star•"�. 
Addre:ss and A c tual A d d r·e:;s d e faul t to the l owe r l imi t 

.of t he Hcwory Spe c .  

W R ITE [ Device Name : ]  ( S tart Block N o . ) ( Memory Spe c )  
Wri tes memory image to t he speci fied block o n  a 
di ske tte wi thou t regard to the FCS directory 
i nformation and fi le bound aries . CAUTION : I t  is 
poss ible to destroy the FCS direc tory and file 
i nformation on a diske t te with  this c ommand . 

B . 2 FCS Error Codes 

The nuQbe rs to the right of the code meani ngs refer to the l i s t  of 
error solu tions that fol lows the code l i s t . 

HESS AGE HEMUNG 

EBLF BAD LOAD FILE SPEC , 2 

EBLK INVALID BLOC K HUMBER , 2 

ECOP ERROR DU RING  COPY , 1 & � 
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ECFB CA N ' T  FIND BLOC K ,  3 .  

· EDCS DATA CRC ERROR , 3 

EDEL DELETE ERROR , 1 & 3 

EDFIJ DUPLICATE FILE NAME , 2 

EDIR DI RECTOnY ERROR , 1 & 2 

EDRF DI RECTORY FULL ,  ll 

EDSY DATA SYNC CHARACTER ERROR , 1 & 3 

�DUP ERROR DU RING DUPLI CATE , 1 & 3 

EFNF FILE NOT FOUND , 2 

EFRD . FILE READ ERROn , 3 

EFWR FILE WRITE ERR OR ,  3 

EHCS I IEADEH CRC ERHOR , 3 

EIVC INVALID COI·!l !AtJD , 2 

EIVF INVALI D FUNCTION , 2 

EIVD INVALID DEVICE , 2 

EIVP INVALID PARAi lETER S ,  2 
. 

EIVU INVALID UNIT , 2 

EKBA KEYBOARD ABORT , 4 

EMDV MISSING DEVICE NAME , 2 

EHEM MEMORY ERROR DU RING READ , 4 

EHFN HISSING FILE NAME , 2 

EMVN MISSING VOLUME NAME , 2 

EMVR HISSING VERSION , 2 

EUSA NO START ADDRESS , 2 

ENVE NO VOLUME EUTRY Ill DIRECTORY , 5 

ERSZ FILE TOO LARGE TO READ INTO ALLOCATED l'IEHORY , 2 � 4 

ESIZ DEVICE SIZES NOT SAME , 1 
l> 

� ·-
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ESKF SEEK FA ILURE , 

ESYN SYNTAX ERROR,  2 

EVFY VERIFY FAILURE DU RING WRITE , 3 

EVOV VERSION NutiDER OVERFL0\-1 , ll 

EWRF W RITE FAILURE , 3 

EHSF FILE TOO LAHGE TO \-/RITE ON DISKETTE , 2 & ll 

Descriptions of  Sol u tions to FCS Errors 

1 .  Me chani cal Problem--Jammed READ/WRITE head , loose disk drive , 
i nterrial I/ 0 c o n n e c t o r s .  Refer ' to COMPUCOLOR Nai n te nace Manual . 

2 .  I nvalid User I npu t-- Incorrect entry from user.  
Commands , Section D . 1 .  

3 . Diske tte  Fai l ure--Try a different diske t te .  

4 .  Error Mcss aae i i  sel f-explanatory . 

Refer t o  FCS 

5 .  Diske tte  Not  Ini tialized--you need to initial ize the d i ske t t e  and 
poss ibly purchase a for-ma t ted Cot1PUCOLOR blank diske t te .  

'. 
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C .  CTlT CO! ll·lAIIDS 

C . 1  Control Codes 

CONTROL 
CODE 

0 

2 

3 

5 

6 

1 

8 

9 

1 0  

1 1  

1 2  

1 3  

KEY EX PLAtlATION 

NULL- Has no effec t .  

A A UTO Loads and runs a BJI.SIC program name d "MEHU 11 
from the disk drive . 

B 

D 

E 

F 

G 

II 

I 

J 

K 

L 

PLOT - Enters sraphic p l o t  mode ( sec p l o t  submode s ) :_''? 

n o t  a l l owed as a BASIC i nput charac t e r .  

CUP.SOTI X , Y . - Enters X-Y cursor address mode for 
ei ther visible cursor or b l i nd curso r , used to go 
from DASIC to CRT MODE when typed as a BASIC input 
chara cter . 

N o t  use d .  

N o t  used . 

CCI - The fol l owing charac ter  prov�des the 8 bi t 
visible sta tus word . Speci fie s Foreground , 

Background ,  Blink and Plo t .  ( See Appendix C . 2 ) 

Not u s e d . 

1 !0!-m - llov e s  the cursor to top l e ft corner of 
di splay . 

TAB Caus e s  curoor to advance to next column-- the 
tab columns are every 8 charac ters . 

LINEFEED - Causes a break i n  BASIC execu t ion o f  a 

program , causes the cursor t o  move down one l ine . 

ERASE LINE CauDcs the cursor to r e turn to the 
beginninG of the l i ne a n d  c au ses  the compl e te l i ne t o  
be erased . Also causes the DASIC input  l i ne to be  
ignore d .  

ER A SE PAGE - Cause s t h e  comple t e  screen to be erased 
and the cursor to be �oved to the home pos i tion . 
BASIC i nput ignores this charact e r .  

CARRIAGE RETURN Caus e s  the cursor to move to the 
beginni ng of the line i t  i s  pre sently .on . Causes 
BASIC input to accept the typed l ine a n d  p r o c e s s  as a 
s t a tement or input  d a t a . [,' 

-95 -



1 4  

1 5  

1 6 

1 7  

1 8  

1 9  

20 

2 1  

22 

23 

24 

25 

26 

27 

28 

29 

30 

N 

0 

p 

Q 

n 

s 

T 

u 

v 

X 

y 

z 

[ 

I 

] 

A7 ON - Turns the A7 flag o n .  ( 2x c harac ter height 
and also st�p bi t . ) 

BLINK/ A7 OFF - Turns the bl ink b i t  and A7 flag off . 

BLACK KEY - Sets foreeround color black i f  flag is  
o ff a nd background black if flaB i s  o n .  

R E �  KEY - Same as  above wi t h  c o l o r  r e d .  

G REEN KEY - Same as . above wi t h  color green . 

YE LLOW KEY - Same a s  above w i t h  c o l o r  yellow .  

BLUE KEY - �ame a s  above with color blue . 

MAGENTA KEY - Same as above with  color mage n t a .  

CYAN KEY - Same a s  above H i t h  color
'
cya n .  

\1!1ITE I(EY •• Same u s  above \.J i t h  c o l o t' Hhi t e . 

XMI T - Causes data to be transmi t ted from the visi ble 
cur sor to the end of the page or until an FF , OO 
sequence is found i n  refresh RAI·I . . Sends text 
chara c t e r s  with a l i ne fe e d  and c a rriaae return at end 
o f  each l ine . llOTt.:: : Color s t atus i s  not  se nt . 

cunson IIIGI IT C auses the cu rsor to move righ t 
pos i ti on .  On BASIC i nput di s plays previous charac t e r  
inpu t .  

CURSOR LEFT - Causes the cursor t o  move l e f t  
posi tion . On BASIC input deletes  previous character 
from i nput buffe r .  

ESC - Prov ides a n  entry t o  t he e scape code table 
mus t be followed by one o r  more code s  for proper 
oper•a ton . 

CU RSOR UP  - Causes the cursor to move u p  one l i n e .  

F G  Oti/ FLAG OFF - S e t s  t h e  f l ag b i t  o f f .  If  fol l oHed 
by one of the color keys i t  will s e t  the foreground 
to tha t color . Also , does no t change input codes i n  
t h e  range 96  to 1 27 t h a t  a r e  to be stored i n  the 
d i s p l ay memory ; i . e .  the shifted alphabe tic 
chara c t cr3 are d i s played as s h own i n  col umns 6 and 7 
i n  the COI-! PUCOLOH I I  charact c t� [:;e t  i n  Appendix F ,  I n  
p l o t  r.1odc OR ' s  11 0rl " bi ts . 

BG ON/ FLAG ON - Sets the flag b i t  on . 
one of the color keys i t  \l ill s e t  t h e  

[.' 
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·. 

that col o r .  Wi th the FLAG on the shifted alphab e ti c  
c a ra c t c r s  9 6  to 1 27 a re _ conve r t c d  into 0 to 3 1  when 
s tored in 

" the d i s p l a y  memory , i . e .  the charac ters 
d i s pl ayed a t·e shoHn i n  columns 0 a nd in Appendix' F .  
I n  pl o t  tnodc XOR ' s  " ml 11 bi ts . 

3 1  BLINK Or! - Turns o n  the b l i n k  b i t  H h i ch H i l l  b l i n k  
t h e  fo1·er.;J·ound color c:.q�a i n s t  t h e  bnckround color . 

C . 2  STATUS WORD FORMAT 

A7  116 

PL OT BLHI K  
� ·  

C . 3 ESCAPE CODES 

ESCA PE 

CODE KEY 

0 @ 

1 A 

2 B 

3 c 

lj D 

5 E 

6 F 

7 G 

8 II 

9 I 

1 0  J 

1 1  K 

1 2  · L 
1 3  11 

A5 I · . All I A3 A2 I J\ 1  I AO 

BACKGROUND COLOR FOREG ROUND COLOR 

BLUE I G HEEN I RED BLUE I G R EEH J RED 

EXPL!IN ATIO!l 

Used fo r t e rminal con trol--not ava i l abl6 for a ny 
o th e r  u s e . 

B l i n d  cursor mode . 

Plot v i a  colo� p a d . 

Transmi t cursor X , Y  position to RS-232C PORT.  . . 

Enters Disk F i l e  Control · Sy s tcm ( FCS ) wi th  CRT as . 
outpu t .  

Re-en try t o  DISK BASI C .  

Sets f u l l
-

dupl ex mode , not func tional when i n  BASIC . 

Enters Disk Fi l e  Con trol System ( FCS) wit h  RS-232C 
PORT as outpu t .  

Sets h a l f  d u p l e x  mode .  · 

Causes · a  program j um p  to l o c a t i on 3 6 8 6 1! . 

Sets w ri t e v e r t i c a l  mod e .  

Sets roll u p  and wr i te l e f t  t o  right mod e . 

Sets l o cal mode . 

S e n d s  a l l  outpu) to t h e  RS-232C PORT. 
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• 

• 

P I  

1 5  

1 6  

1 7  

1 8  

1 9  

20 

2 1  

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1  

N Se t to iBnorc all  i nput s .  

0 Not  used . 

p N o t  used . 

Q Not used . 

R Baud rate 
= 2 s top 

s Causes a 

T Causes a 

U Not used . 

V N o t  used . 

selccUon mod e . 
b i ts . 

proGram j ump to 

program j ump to 

A7 on  = 1 s top bi t ,  1\1 off 

l ocation 11 0 9 6 0 . 

l oca tion 3 3280 . 

W Initia l i z e s  and transfers control t o  DISK BASIC 800 1 . 

X Sets  terminal to paae mode and wri te left t o  righ t 
mode . 

Y Te s t  mode -- fi ll  pane with next charac ter .  

Z Not used . 

[ Visible c ur sor mode . 

I Not used . 

] N o t  used . 

Causes a program j ump to l ocaton 33275 . 

= Transfer control to the CRT mod e .  

C . 4  BAUD R ATE SELECTION 

Numbe r 2 3 5 6 1 

Baud R a t e 1 1 0 1 5 0 300 1 200 4 800 9600 
I .r: . 
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C . 5 GRAPHIC PLOT SU13!-IODES 

DISK BASIC PLOT 

or 
RS-232C CODE PLOT SU BI10DE 

255 P l o t  Hod c  Escape 

25 4  Charac t er P l o t  

{ 2
5 3

} 
X Point P l o t  

Y P o i n t  Plot 252 

25 1 X-Y I ncremen t al Poi n t  P l o t  
. .  . 250

) 
XO of X nar G raph 

y of X Bar G raph ( 2119 ) 

X max of X Bar Gr·aph 2 lJ 8  

2 4 7  I ncremei1 t a l  X Bar G r- a p h  

246
) 

YO of Y Bat� G r·aph 

. 2lJ5 X of Y Bat' G r·aph 

. {  211 4 ) y max of Y Bar Gr·aph 

211 3 J ncremen t al Y Bar Graph 

2lJ2 xo Ve e to!' Pl o t  

{ 211 1 ) YO Ve c tor P l o t  

2 4 0  Incremental Vec tor P l o t  

OPTIONAL 
FUHCTIOH 
KEYBOARD 

F 1 5  

F 1 4  

F 1 3  

F 1 2  

F 1 1  

F 1 0  

F 9 

F � 

F 7 

F 6 

F 5 

F II 

F 3 

F 2 

F 1 

F 0 

- - __ __ __, 

'· ; ·-

For in cremental p l o t  submod e s  see the forma t of the i ncreme ntal 
dire c tion codes below . 

C .  6 INCRE!-1EN TA L Di nECTIOU CODES 

A X l  � Y 1  llX2 A Y2 

A7 A6 AS All A3 A2 A l  AO 

+ - + - oi· - + -

80 40 20 1 0  8 II 2 1 
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D .  I N TERNAL FEATURES 

D . 1 Key Hemory Loca tions 

38672 to 32767 = Screen refresh RAM 
32940 = Points to �aximum RAM used by BASIC 
32980 = Points to s t ar t of BASIC suurce 
32982 = Points to end of source and s tart of variabl e s  
32984 = Points t o  end of variables and s tart of arrays 
32986 = Poi nts  to end of arrays 
3320 9  = 0 to 59 se cond s of Real Time Clock 
332 1 0  = 0 to 59 minutes of Real Timo Clock . 
332 1 1 = 0 t o  23 hour s of Real Time Clock 
332 1 5  = User ESCA PE j ump vector 
332 1 8 = User output F L A G  j ump vec tor 
3322 1 = User i n put FLAG jum p vector 
33224 = User timer no 2 jump v ec tor 
33228 = Exte rnal output port buffer 
3324 7  = Keyboard FLAG . 

33249  = FCS ou t p u t  FLAG 

3 325 1 = Input port FLAG 

33265 = DASIC output FLAG 

33272 = Ou tpu t por t FLAG 

33273 = LIST ou tput FLAG 

33278 = Key board character 
3327 9 = Key board charac ter ready FLAG 

33282 = Loca ti on of CALL ( x ) j ump 
33285 = DASIC output vector location 
33289 = Nurnbe t� of charac ters on terminal ou tput 
334 33 = Start of D A S I C  source code 

6 5 5 35 = "naxiraum Amoun t  of RAH 

D . 2  PORT ASSIGNMENTS 

PORT fl 

I!  EX 

0 - F 

1 0  - .  1 F  
20 - 5 F  
60  - 6 F  
7 0  - 7 F  
8 0  - FF 

I / 0  PORT ADDRESS 

THS 550 1 
Tl1S 550 1 Du pl icat e Acl d t· e s s e s  

Hot A s s i c; ned 

SHC 5 0 27 
Sl·lC 5 0 27 Dupl icate A d d r e s s e s  

No t  Assic;ned 

- 1 0 0-
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PORT II 

HEX DEC .  

0 - 0 
1 - 1 
2 - 2 
3 - 3 
4 - 4 
5 - 5 
6 - 6 
7 - 7 

8 8 
9 - 9 
A - 1 0  
B - 1 1  
c - 1 2 
D - 1 3  
E - PI 
F - 1 5  

PORT II 

HEX DEC 

60  - 9 6  
6 1  - 91 
62 - 98 
63  - 99 
6 4  - 1 00 
65 - 1 0 1  
6 6  - 1 0 2  
6 7  - 1 0 3 
6 8  - 1 0 4  
6 9  1 05 
70 1 0 6 
6 �  - 1 0 7  
6 C  - 1 0 8  
6 D  - 1 0 9 
6 E  - 1 1 0 
6 F  - · 1 1 1  

HARlHNG : 

--- �----------..::;; 

.. 

TMS 550 1 I / 0  CHIP 

Read Serial Data i n  from RS-232C i nterface 
Read Parallel  Data from key board and disk 
Read I n te rrupt Address on TMS 5 5 0 1 
Read S tatus on 'fl·IS 550 1 
Issue Di screte Cornma nd 
Set Baud Rate on Serial I/0 
Transmit Serial Data to RS-232C i nterface 
Trbnsmi t Parallel Data to key board and disk ( also 
rion trols Disk R/W) 
Load I n terrupt Mask Regi s ter 
Interval Timer 0 1  

I nterval Time r #2 
I n terval Time r #3 
Interval Timer 04 
I n terval Time r #5 
No Function 
No Function 

Sl1C · 5 0 27 CRT CIU P 

Load H (:[,i ste l� 0 - Don ' t  Load 
Load . Hec;istcr 1 - Don ' t Load 
Load R egi s te r 2 - Don ' t Load 
Load Regis te r 3 - Don ' t  Load 
J...oad negi ster lj - Don ' t  Load 
Load Regis ter 5 - Don ' t  Load 
Lo<1d Register G - Roll Hegistc ri1 
P1·occssor Load Command - Don 1 t Use 
Read Cursor X Regi s ter 
Read Cursor Y Register 
Issue Rese t Colilmand - Don ' t Is sue 
Scrol l up 1 l ine 
Load Cursor X Register 
Load Cursor Y Register 
Load S tart Timing - Don ' t Load 
Sel f Load Commad - Don ' t Use 

Do not output any values to the SMC 5 0 27 CRT chip . 
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. . 
D . 3 COI-IPUCOLOR Fi fty Pi n Bus 

PIN DESIG N ATION ·. PI N DESIGNATION 

1 + 1 2 V  26 D2 BUS 
2 ITR 27 A2 
3 rm 28 D3 BUS 
lj I / 0 \1 29 

. 
A3 

5 ¢2 ( + 1 2V )  30 D'( BUS 
6 �2 TTL 3 1 All 

7 �1 ( + f 2 V )  3 2  D6 nus 
8 1 7 . 9 7 1 2  J .lHz 3 3  D1� BUS 

9 SYNC 3 11 D5 BUS 
1 0  RESET 35 A6 
1 1 -5 V 3 6 DO 8 0 80 
1 2  +5 V 37 J\7 
1 3 GilD 38 D 1  8080 
1� I/ O R 39 J\8 
1 5  A 1 0  4 0  D 2  8080 
1 6  READY 11 1 A 1 1 1 

1 7  NO COIJNECTIO!-J 4 2  D 3  8 0 80 
1 8  N O  commcnou 4 3  D4 8 0 80 
1 9  HOLD 11 4  A9 
20 A5 11 5 A 1 3 
2 1  A 1 1 4 6  D7 8080 
22 DO DUS 11 7 J\ 1 2  
23 'Ao 11 8 J\ 1 5  
24 D 1  BUS 4 9 D5 8080 
25 A 1  5 0  D6 8080 

D .'lt RS-232C I N TERFACE 

CPU EDGE RS-232C SIGNAL NAHE 
COlWECTOR # PH! # AND LINr; 

1 1 A A  Prote c tive Ground 

l' 
3 2 BA Transmi tted Data 
5 3 BB R e c e i v e d  Da ta 

7 4 CA Reques t  to .Send 
. 1 11 7 AB Signal Ground 

1 5  20 CD Data Terminal Ready 

. .  
• 
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E .  A SC I I  VA LUES 

DECIHAL CHARAC TER DECH'JAL CHARACTER DECUlAL CHAR ACTER 

000 !lULL O lJ 8  0 0 9 6  
' 

00 1 AUTO 0 4 9  1 0 9 7  a 
0 0 2  PLOT 0 5 0  2 0 9 8  b 
0 0 3  C U RSOR X , Y 05 1 3 0 9 9  c 

0 0 4  ( not used ) 0 5 2  lj 1 00 d 

005 ( no t  used ) 0 5 3 5 1 0 1 e 

0 0 6  CCI 0 5 ll 6 1 0 2  f 
007 ( no t  used ) 0 5 5  1 1 0 3  g 
0 0 8  HOt·lE 0 5 6  8 1 0 4  h 
009 TAB 0 5 7  9 1 05 i 
0 1 0 ' LI NEFEED 0 5 8  1 0 6  j 
0 1 1  E R A SE LI!IE 0 5 9  1 07 k 
0 1 2  Efl ASE PAGE 0 6 0  < 1 0 8 1 
0 1 3  RETURN 0 6 1 = 1 0 9  m 

0 1 4  A 7 ON 0 6 2  > 1 1 0 n 
0 1 5  IlLIU!U/1.7 OFF 0 6 3  ? 1 1 1  0 
0 1 6  BLACK JCEY 0 6 11 (} 1 1 2 p 
0 1 7  RED KEY 0 6 5  A 1 1 3 q 

0 1 8  GR EEN KEY 0 6 6  13 1 1 11 I" 
0 1 9 YELLO\v f�EY 0 6 7  c 1 1 5 s 
0 20 BLUE KEY 0 6 8 )) 1 1 6 t 
0 2 1  l lAGENTA K EY 0 6 9  E 1 1 7 u 

0 22 CYAN KEY 070 F 1 1 8 v 
0 23 v!I IITE KEY 0 7 1 G 1 1 9 w 

0 211 xmr 0 7 2  H 1 20 X 
0 25 cu nson R I G HT 0 7 3  I 1 2 1 y 
0 26 cu nson LEFT 0 7 4  J 1 22 z 

0 27 ESC 
. 

0 7 5  K 1 23 { 
� 0 28 CU RSOR U P  0 7 6  L 1 24 

0 29 FG OHIFLAG OFF 0 7 7  11 1 25 
0 30 BG OU/ fLAG ON 0 78 N 1 26 
0 3 1  BLI NK OH 0 1 9 0 1 27 DEL 

0 32 SPACE 0 80 p 
0 3 3  I 0 8 1  Q 
0 3 4  II 0 8 2  R 

035 n 0 8 3  s 
0 36 $ 0 8 11 T 

0 37 . <J,  0 85 u 
0 3 8  & 0 8 6  v 
0 3 9  0 87 H 
O liO ( 0 88 X 

0 4 1 ) 0 89 y 

Q ll 2  It 0 90 z 
0 11 3  + 0 9 1  [ 
O lJ lj 0 9 2  I 
0 45 0 9 3  ] 
0 11 6  0 9 11 
0 4 7  I 0 95 

r. 
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