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CHAPTER 1 

I • 1 B rino i no Uo The I NS8Q17 3 System 

All the examples are based around the eX8"1ole system ~hown in Section 
3. Fig ur e '-4 • 

For those of you who have dp,slQnerl your own system. with helo from 
Section 3 of this manual. it is assumed that YOU- have the exoerience 
to interoret th~ followinQ InstrlJction~ to suit your bwn syste"l. Thp. 
sequence helow tells how to hook the standardNSC Tinv RASIC card shown 
in S~ction 3. FiQur~ 1--4. to R power C:;lloply Anrl lTV or CRT to QP.t it 
runninq. 

ThlnQs n~ededl 

Power SUDPl V' +5. 
-12V (For serf a 1 co","unicat ions) 
Ootionally +25 (For PROM oroaraTflTler) 

A power supoly cable can be connected di rec tl v to the bOArd at 
the PI mountinQ. or stake pins r;an be inserted anti the- power 
suoolv can be connectp.rl throuah a suitable connector. i.e •• 
MOLEX MXI-9 6411. ~ cRble or connector is Rttached to Power 
Sunol yin thp. t ollow ina order' 

CONDUCTOR • PIN# I 2 3 4 

~-~---------~-~---~ ------ -... ~--- ------i-------
VOLTAGE +5 -12 +25 GND 

It you~re llsinq a TTY. it must be connected for 20m4 current 
1000. a~ described In its own ~anual. and will connect to the 
edge connector finqers in the followino ~annerr 

PINII 1 2 3 4 5 6 --------_ .. ------. ~-----. !------- ------ ~~ ....... ---... ---- ..--------
SIGNAL XNT+ XNT- RCV+ RCV- RD RLY+ RD .RLY-

Pin numhers are etcherl onto the boa rri. remember tha t Pin 6 
is tne one closest to the edqe of the card on the side with 
the comnonen et s. 

It you"'re usinQ a CRT terminal, you should hook it UD with A 
standard MALE-MALE cahle. (National~s 601305491-001 will do 
,ust fine). to the RS-232 (D-tyne) connp.ctor on the board. 

Make sure your terrninr!l is set to'RS-232 (if that's a switch 
selectahle ootion. if not. just assu~e it is an RS-232 termin­
al)' Anrl make certain unoer CA~e and full dunlex are selecten. 

1.2 Baud Rates 

Generally. the hloher the Baud Rate. the better. as it means less 
waitlno tirtle for you; however. if you are uc;lna a TrY you have no 
choice. The Baud H.=tte must be set to 11(ilI •. 

1-3 



Th~ way you c;et the Baurl Ratp, 15 with thp. two .1lJmnp,r~ J::1A-FI9. c16-FI7. 
~e can call E1R-F.19 001-. nnrl F.16-F.17 DI. Set thp Raud RAte on a 
tpnninal to the hiqhe~t rate. or 4R0~. whlch- evpr is lower, 5et the 
jumpers to match it as shown in the diaqram helow. A DI" sianifies 
tr.at th~ llJl'Tlopr Ie; rnlc:;c:;ina. a a(iJtI rneAn~ thAt it is Inc:;tallerl. 

~--~~------~-----~-~--~~-~---~---~~~ 
I IOf o o 

~~------~~---~~---~----~--~------~~ 
300 o 1 

~~---------------------~------------
1200 1 o 
~----~--~~-----~-~--~--~~--~--------

1 1 
----~---~--~-~~----~-~-----------~-

After you have done all of this, and rlouble checked it. connect the 
board to the CRT terminal or TTY. warm uo the terminal. hook uo the 
Dower su'onl y, then turn on the nower. 

If all went well, you should aet A rioht oointinq caret (» oromot. 
Push the RESET button ~nrl th~ orol'llpt (» c;houlrl aooear RaBin. You Bre 
now ready to beqin usino your R(:)f13 system. 
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CHAPTER 2 
2.1 In"troduction 

The INS8QJ13 is a sinat'e-chin comouter that directly executes NSC Tiny 
BASIC, e high-level IAnouage. Writtno orOQrams in NSC Tiny RASIC 
offers the followino ~dvantaa~s over writlna oroQrams in assembly 
1 a nQlJaqp., 

• Proqrams written in NSC Tinv BASIC eliminate the need for memory 
consumino Ed! tor, Ac;~embler Mon! to rID ebuQ programs.,: All of these 
functions are built in. 

• Programs may be written and dehuQQed using a small. inexoensive 
sY5tp.m. PUrchase of an exnensive develop~ent system is not 
required~ 

. 
• ProQrAm debuaolna i~ fast and slmole. Program execution may be 

susoenderl, variRbles and other oarameters eXRmined/altered, error~ 
corrected, and execution resumed at the Doint where it was 
sU50ended - a 11 wi thout the n~ed to rp.A s~emble or relOAd the 
program. CNSC Tiny RASIC orogr~ms do not have to be assembled.) 

• ProqrA~c; can be written in one tenth the time of eauivalent Assembly 
lanauaoe proara~s due to the Dower of the NSC Tiny BASIC lanQuaqe, 
its EnQlish-like simolicity and built in eoit/debua caoabillty. 
Program5 are also easy to maintain because they are self documentinq. 

• Proqrams Are relocat~ble' they ~ay be loaded and executed anywhere ir 
memory wi thout mod if icat i on •. 

• Proqra~ memory can be quickly cheeked for valid code becau5e NSC Tin~ 
BASIC proarams ar~ stored Asa seauence of ASCII characters. 
(Executable assembly lAnquaqe proarams Rre considerably more 
di fticul t to check beCalJ5e they· are stored in memory as a sequence ot 
binary numbers). 

NSC Tiny 84SIC was de5ione~ for use on the INS8073 sinole-chio micro­
interpreter, a oroduct of National Semiconductor Corporation. NSC 
Tiny B4SIC is a simolified version of the computer lanquaqe, 84SIC, 
"Aeoinners All-ourpos~ Symbolic Instruction Code'l, develooed by 
Dr. John Kemeny and Dr. Thomas Kurtz at Dartmouth ColleQe in 1963. 
BASIC hac; become the ttpeoole'c; Comouter Lanquage" because it is 
easy-to-learn and easy-to-use by oeople who are not comoutpr 
scientists or orofessional oroqrammers. The users of BASIC are 
enqineers, techniCiAns, scientists, 5tatisticians. businec;~ oeoole, 
hobbyists, teachers. colleqe students, ~nd a vastmultitud~ of 
youno oeoole in ele~p.ntAry and ~econrlnry schools. 

'The oriQinal NSC Tiny RASIC WRS desianed for aoolication5 ~uch 85 
inteaer Arithrnptic oroble'll5. comouter QAmec; and teachina bet1inners 
how to nrnarAm comnuters. NSC Tiny RASIC hA~ extended cRn"bilit1es 
that makp. it a nowerful deslQn tool for develooinQ control ~oollca­
t1ons. 
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Information on NIRL uoon which NSC Tiny AASIC WR~ fir~t oubli~hprl in 
People's Computer Comp~y. Volume 3, Number 4 (MArch 1975) and Volume 
4, Numbp.r 1 (July 1975). 'The hp,st source of infornation on Tiny B~SIC 
is Dr. Dohb·'s Journal of Comouter Calisthenicc:; and OrthodontiR, 
beoinning with Volume I, Number 1 eJRnUf1ry 1976) and continuino throuoh 
5 evera 1 1 ssup. c:;. 

This book is desiqned to helD you teach yourself how to use NSC Tiny 
BASIC and the INS8C'J73t it consists of~ thrp.e ma'or secti0t;'s' 

- , 

SF.CTION 1: A primer rlp.siQnerf for sp.lf study. This self teachinq 
orimer presents the elements of NSC Tiny AASIC in a steo-by-steo 
fYlR nn~ r. It is R c:;c:;um ed thR t the reader ha c; a cce 55 to Rn I NSR()I7 3-ba c:;ed 
system and will tryout the examoles Ann exercises as they are 
oresentea in thp. oril'Ylp.r. It 1~ R!SoRsc;umed th~t the -reRrier hac; no 
orevious·computer oroaramminq training or exoerience, but Is 
exoerienced in electronic hardware oec:;ian using non-comouterized 
techniques. 

SECTION 2' A. Qulrfe that nrovirles ouie k reference to infonnation for 
oeople whoJ.hRve worked through the primer, or, who alrearly know how to 
program in some form of B~SIC. 

SECTION 3' A rip-seriotion of a typical INSAC'J73 system' details on 
setting uo the eomouter system and qettina NSC Tiny AASIC runninq. 
Section 3 a~5umes that the reader has a orior knowledqe of diqital 
elp.ctronics' anri, this ~ectlon gives ~che~Rtics and A rlescriotion 
of an eXAmple A~73 NIBL-II demonstrator card. 
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CHAPTER 3 
3.·1 I.n t roduc t i.on 

The INS8~73 is a -task-oriented'" microintemreter, NSC Tiny B~SI.c 15 
the language that .instructs the system to oerform various and sundry 
functions. 

The use of microcomputers to control electroniC, electrical and 
el ec tromechanical devic es is very" much an enaineer"s 'dream come true. 
A comouter works from a written out soeclfication of what the 
completed device 1s sUDPosed to do. This soecification, written in 
a very exact and unambiQuou~ style, is called a proaram. As with 
specifications and schematics there are conventions about exactly 
how a proQram is to 800ear. This set of conventions is called a 
language. The language used on this computer Is a" version of 
BASIC called NSC Tiny RASle. 

When sett1.nQ out a· schematic for someone who is not un to your back­
around in electronics. you have to spell everything out in more detail 
than you would for a colleaQue who is riqht with you. Until a comouter 
knows a-'s much as you wa,nt it to know, everything must be soelled out 
in a meticulous and precis~ manner. Once these instruction~ ere 
spelled out - thatJs it; the comouter will henceforth do it right 
every time. 

Figure 3.1. INSR013 Based System 
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3.2 IT.V/CRT rerminal 

You will probably be using a Model 33 Teletype or a CRT {Cathode­
Ray-Tube) terminal to communicate wi th your INS8013. In the tollow­
ing text, TTY (Teletype) and CRT \(Cathode-dbly-Tube) are used Inter-. 
chsnQeablv. 

The letters of the ROlnan alphabet and Arabic ,nllnerals were Invented 
lonq before computers when· nobody .cared that the letter -0- looked 
just like a ,zero. It is, ho.wever f verylmoortsnt for'; the computer to 
tell them apartt . therefore, the numeral zero is .wrl tten as an "()II 

wi th a slash through It ("). The letter .0" is left slone. Most 
Teletypes wl1.1 orint the zero character ,with 8 sll1sh and an ·0· 
without 8 slash' check your teletype to mska' 'sure it observes this 
convention. 

When programmlnQ, sometimes you will type to the computer. sometimes 
the computer will tYPe to you. When it is the computerls lturn. 
it'Just goes ahead and types. When, the comouter is -thinking- it 
acts 85 if you were not there. When it is your turn to type the 
computer p.rompts you by typinq the character">· on the left margtn 
of the csper/screen. The right pointing caret (» 1-s called the 
"prompt ... character. After typing the prompt, the comouter will 
wait patiently until you type somethinq. 

NSC Tiny BASIC recogn1.zes only CAPITAL LEITERSt lower case letters are 
not used at all. (The Model 33 Teletype doesn~t have any lower case 
letters.) Your CRT mayor may not have lower ca~e' if it does. switch 
the upper/lowercaseswi tch to upper case • 
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FiQure 3.3 A Typical TTY 

FiQure 3.2. A TynicAl CRT 
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3.3 BeQinnIng Inc;troctions 

Think of somethinq you know how to rio like bicyclinQ. ~kilnQ. olayinq 
~inno or desiqninq circuitry. One thino is certainl there are no 
l)ook s in the wor ld that can t each someone how to do any of these 
thinqs. Rooks c-=ln helo, but without oettinq on a bike. puttinq on 
skis, practicinq scales. or desiqninq hundreds of circuits and tryinq 
th~m out. A novice CAn't rio any of these thinas. Same WAy with 
oroQramrnino. 

The only way to learn oroqrarnmina is. by rioinq it. With bicycling or 
skiinQ you ~ay end uo with skinned shins' with oroqramminq you may 
experienc e a rlented eqo. Peool,e d.)n-'t Ii ke to be, told theY"re wronq, 
unfortunately for the novice o1ibqrammer, error messaqes are )IIhat he/she 
will oet ,!,ost frequently fro," file comouter-. 

For your reference. the NSC Tiny RASIC ERROR COD~ SUMMARY is listed 
below, what it means is that if NSC Tiny AASIC encounters an error 
conrlitlon In RUN cOJ'fl'TlAnd "lorie, it will orint out ERROR followed by an 
error number. Error numhers are' 

Table 3-t. NSC Tiny BASIC Error Code Summary 

ERROR NBR. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1 
I 2 

3.4 Start Un 

F.XPLANATION 

Out of memory 
Statement used imorooerly 
Unexoecten character (after leoal statement) 
Syntax e Tror 
Value (format) error 
Endinq ouote mls~ino from ~trlnQ 
GO target line does not exist 
RETURN without orevious GaSUR 
r::xoression or FOR-NEXT or DO-UNTIL nested too d~nly 
NF.XT without orevious matchina FOR 
UNTIL without oreviouc; DO 
Division by zero 

Refore you nower-un. be cert~ln that your sy~tem is oroperly co~necterl 
and that the Baud Rate Selector is set. Once you have turned on your 
INS8~73 sY5tem. the TTY or CRT will tyo~ A oromot character (» to 
indicate that it is ready to beoin. When yOU are ready to enter a 
~roaram with lIne number~. tyoe the followina' 

>NEW larlrlre ~5 
NEW 

Ch~xBrlecim=tl addres~ location) 

The ahove com~anrl (NEW #arldress, NEW) Is used' 

I. To preoare the comouter for a new oroQram with line numbers. 

2. For initial Dower-uo. 
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3. If you RESET your systp.m in the middle of A proqrammino 5es~ion 
you may have to use this command. Try to avoid this bP.cau5P, YOU can 
eS!';ily lose alI oroQrams in your sy~te","s memory. 

4. If you wle;h to store sl!vp.ral nroarams in me'ftorv. E~ch orOQram 
will hRve a different hexadecimal address location, for examoler 

ProQram 

ProQram 2 

NEW # 10100 
NEW 

NEW #4A5~ 
NEW 

Toe NEW (carriaQe return) cOPlmanci;~e'!tases an old oToqram' the LIST 
COfTlmanri 1 i sts your, proQram and ~h~~ RUN command runs" your o TOg ram • 

- ' -~ 

Important. when you are finished tyoino/talkinQ to the comouter, you 
siQn~l hy oressinQ th~ RETURN key. This indicates that you are 
finished with your turn. 

Tyoe Y0l!r nAme and th~n orese; the RETURN key' the followina 1~ what 
should hrtooent 

ERROR 4 

> 

The comouter resoonds with ERROR 4. ERROR 4 Is 
115terl in this chAnter and in Apoendix C under the 
Error Cod~ Summary and i~ ,. '''Syntax Error". Thi5 
15 because NSC, Tiny AASIC does not recooni ze your 
name as A com~anrl. 

NSC Tiny BASIC then types a oromot (» to let you 
know it is still listenino and that it is still your 
turn to cOl"lf'lunicate. 

This is the first eXA~nle of Rn error ~e~saQe. It is the one you will 
see most often, And it means only that yOU hAve typed somethina that 
NSC Tiny BA-SIC noesn"t underc;tAnd. NSC Tiny BASIC does not under5tAnrl 
your name simpl y hecause '1 t Is not In its reoertorv of commAnds. 
FXAmlne th~ followino leQal commands. 

3.5 The Print Instruction 

The computer qets jobs done by followlno instructions. If an In­
_structlon is correctly tyoed. the comnuter will execute it imrneriiate­
Iv. (When a comouter follows An instruction it is sairl to obey. 
or execut~ that instructIon.) One of thp most useful in~truction~ i~ 
the one thAt tells thp. computp.r to PRINT a de~ir~d result or meSSRoe. 
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In EnQllsh we say that antelooe~ have four leas, but we say. that 
~ante lopes" has nine 1 ett ers. One of the thinQs we do bV puttinQ words 
into Quotes is to indicatp. that we are referrlno to the words 
themselves and not their meaninQs. The computer uses Quotes the same 
way. 

For examole, suppose, in A boiler installation that the computer is 
monitorino the water level. If the level beains to Qet low (but not 
low enough to WArrant automatic shut down) you mioht wan~ the comouter 
to orint. ~Warnlna. the water level 415 low. M • The Instruction you 
desire to give the comouter 1st 

>PRINT "WARNING, THE WATER LEVEL IS LOW'" 

Don't· forqet to oress thp. RETURN button to. make the computer ex~cute 
the i.nst ruc tlon. 

You type l PRINT "W4RNING. THE WATER LEVEL IS LOW" 

The ml crointerpreter types' WARN lNG, THE WATER LEVEL IS LOW 

NSC Tiny BASIC tyoed .WhAt you told it to tyoe, note that the messaQe 
was enclosed in Quotation marks, but they were not printed. 

Suooose that the ooerator 1n the boiler in~tallation was away from the 
terminali or takinQ a nAD, or havinQ a coffee break. In any of these 
instances he may not ~~e the warninq meS5aa~. Thp. TTY has a bell which 
~ay be used as An alarm. (Other termlnRls may have different audible 
al~T'T1S - A click, b~eo, blJ7.z etc.) To sound the bell, hold ciown the key 
~Rrked CTRL, CNTRL or CONTROL anrl, whllp holrllno it down, ores~ the G 
key. On most TrYSt the G key hAS the word BELL on it as a reminder. 

**************************************** 
* * * To rinq thp. bell. hold CTRL down ann * 
* Dress G * 
* * **************************************** 

Hold the CTRL key down and oress the G key several times' this will 
allow you to Tina the bell several time~. You will note that the 
be11s are heard vet nothinq is printed 0'0 the TTY.- (Aooendlx shows 
other non-nrintinQ characters which may be useful.> 

1-12 



Rel~~ (CONTROL/G) CAn be included in a PRINT instruction. let~s 
use the example of the boiler installation aqain and orint the same 
warninq messaqp.. on~y this time arld the bell to be certAin that the 
ooerator knows thereJs an important messaqe' 

You tyoe' 

PRINT uWARNING. WATER LEVEL IS LOW (CTRL GGGGGG)II 

Don~t forQet to press the RETURN key. so that NSC Tiny BASIC knows yo 
are throuqh with your 1.nstruction. 

NSC Tiny BASIC tvoe~' 

WARNING. WATER LEVEL IS LOW and then rinQS ~he.bell six'times. 

3.6 Using The Comouter As A Calculator 

NSC Tinv g~SIC can do inteqer arithmetic. Try the followinq examole' 
on your INS8eJ73 •. Remember to ores~ the RETURN to finish a line of 
tyoiriq. 

A.DDITION 

You tyoe l PRINT 2+3 
NSC Tiny BASIC types' 5 

SURTRACTION 

You type' PRINT 7-4 
NSC Tinv BASIC tyoes' 3 

MUlTIPL ICATION 
I 

You tvoe t PRINT 4*7 
NSC Tiny BASIC tyoes l 28 

DIVISI-ON 

You type' PRINT 48/6 
NSC Tinv BASIC tvoes. 8 

Us P. • +" to a drl • 

Use "-If to subtract. 

Use M~ to multioly. 
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If you.made no typing errors. the above four examoles should actually 
aooear on your TTY oaoe a~ follows. 

>PRINT 2+3 
5 

>PRINT 7-4 
3 

>PRINT 4*7 
28 

>PRINT 48/6 
B 

> 

The promots (» were typed by NSC Tiny BASIC 

Now try the following divisions. 

>PRINT 23/4 
5 

>PRINT 312 
1 

>PRINT 4/5 
o 

Is NSC Tiny B~SIC oivinQ wrong answers? No. It is simply doina 
InteQer arithmetic. In division, NSC Tiny BASIC oroduces.-the inteQer 
ORrt of the quotient. 

Usino thp. first example above. >PRINT 23/4, thi~ is what happens' 

5 
4 rrr 

2'" -3 

Quotient. This is what you qet when you 
tell NSC Tiny a_SICa PRINT 23/4 

. . 

Remainder. You will be instructed later 
on In this manual how to comoute th~ 
remainder. 

Most industrial control apolications, as well as tasks such as word 
nroc~~sina an1 even thp. oroQram~ that mAke this lanQuaqe w~rk. need 
only inteqers. ~ valve In a refinery may need to be set to one of a 
hunrlred oosi~ions (~any anolications only require r~solution of two 
positions - opened and closed). These hundred oositions can be 
renresenterl by thp. inteOer~ ~ to 1~ with 0 beino closed, 5~ beino 
hRlf opened, and 100 allowing full flow. 
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In NSC Tiny B~SIC, InteQers can ranQe between the limits of -32768 
and +32767, inclusive. This allows any measurement or control to be 
accurate to one part ,in over 65.AV1OJ. Few electrical or mechanical 
devices In control systems rp.ouire more Accuracy. Yet, by aoprooriate 
orogramminQ~ Qreater accuracy can be obtained if it is necessary. 

A Qood way to learn more about how NSC Tiny B~SIC does arithmetic i5 
to use it as an inteQer desk calculator. As with'anv desk 
calculator, it is Dossible to overflow if you calculate a number too 
It=t rQp. or sma 11 • 

NSC Tiny BASIC handles the problem in two ways' 

1. If you try to type,' not calculate but type, a number Qreater than 
32161''',or Ips5 than -32767. NSC Tiny BASIC will print sri error 
meSS8Qe. For example' 

>PRINT 32768 
ERROR 5 

>pRINT -32768 
ERROR 5 

Error 5 = Value (fo~at) error 

Error 5 = Value ,C format) error 

2. If you calculate a number outside of this ranoe, no error messaQe 
will be qenerated' the numbers Just uwrao around". This method 
of handlinQ overflow is handy on some OCCAsions, but distrp.ssino 
at other times. For examole' 

>PRINT 32766+1 
32767 This 15 the exoected answer 

>PRINT 32167+1-
-32168 This Is HOT the expected answer 

>p ~ INT -32167-1 
-32768 This Is the exoected answer 

>Pl? INT -32167-2 
32767 Thl~ Is NOT the eXDected answer 

>PR]NT -32768-1 
ERROR 5 Remember. you ean-'t tVDe -32768 
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Think of NSC Tinv BASIC numbers beina arranoed in a circle. 

-1 rJ 
-~ 2 

-3 3 
-4 4 

-5 5 
• • 
• • 
• • 

-32764 32764 
-32765 32765 

-32766 32766 
-3/767 + 32167 

-3276R 

From th~ ~.I.& ~.l.C ,. .... "" ",dn see that 32765+7 = -32764. CMovinQ in a 
clockwise direction start At 32765 and count off seven olaces. 
you shoulrl enrl 00 at -32764.) Try 1 t on your system. 

>PRINT 32765+7 
-32764 Correct 

To subtract. move in a counter-clocKwise direction. For examole, 
-32766-5 = 32765. Aqain, verify this on your system. 

>PRINT -32766-5 
32765 

NOTE' NSC Tiny BASIC didn't print the ~correctn answer (-32771) 
because -3277) is less than -3276~. Calculated values will be 
correct only if the correct value is In theranoe of -32768 to 
32767, inclusive. 

Up to this ooint you have been shown simole oroblems with one 
ooeration. The followinq examoles Are A bit more co~olicated. The 
form.=tl rulp.~ for how e'Xorp'~5ions ~re evalurltp.o ~re in thic.; chahtp.r In 
section 3.7t you will understand them better if you exoeriment on 
th€se e'Xa~nles fir5t. 

>PRINT 2*3+4 
ICiI 

>PRINT 2*3-4 
2 

>PRINT 2*3+4*5 
26 

>iJRINT 2*3-4*5 
-14 

>PRINT 2*3*4*5*6 
120 
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>PRINT 2*3*4*5*6*7 
504~ 

>PRINT 2*3*4*5*6*7*8 
-25216-------------------The correct answer is 40320. too biq 

tor NSC Tiny BASIC. .NSC Tinv B~SIC 
doe5 not tell you that an incorrect 
answer has occurred. 

It you use only +. - and *. NSC Tiny B~SIC will Qive correct results 
unle~s the true result is le!;s than -3'-168 or Qreater than 32167. 

Try some division problems' 

>PRINT 12~/2/3/4/5/6 
I 

~ >P R I NT 1/2·+ , 13 + 1/4 
o 

>PRINT 2/3*'9}00 
", 

>PRINT 1000*2/3 
666 

3.7 The Use of Parentheses 

Correct. 120/2 ~ 360, 36A/3 = J2~. 
J 2014 = 30, 30./5 = 6, and 6.16 = I. 

The inteQer ouotients are all zero. 
0+QJ~ = 0. 

Incorrect. Two thi rds ot 1 ()JOO does 
not Qive zero. Try it a different 
way. 

Correct. 

The followinq examoles illustrate the use of oarentheses in numerical 
expressions. Verity them on your INS8073. 

>PRINT 2*(3.4) 
1·4 

.PRINT ~2+3)*(4+5) 
45 

.PRINT (2*3+3).8+7 
19 

>PRINT {47-23)/6 
4 

>PRINT (2+3)/(4.5) 
o 
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NSC Tiny BASIC does not tell you that a comouted answer is incorrect 
because the true result is outside the range, -32768 to 32767. For 
example' . 

>PRINT 10~0*(3~-72) 
-32536 . The correct answer is 330~ 

An incorrect resul t can occur even if the true resul t i~ in NSC Tiny 
BASICJs ranqe. This will haooen Lf an intermediate calculation lIes 
outside the ranqe -32768 to 32767. tor examol~' 

>PR I NT 2()J' *20eJ/2 
-1266A The correct answer 15 2~1~. 

In th~ above ex~mole you qot an incorrect resultb~cause NSC Tiny 
BASIC first comouted 201*2~ which has a true result of 402~ and 

. this is outside its ranee. NSC Tiny BASIC obtained -25336 for this 
result, then divided by 2. 

>PRINT 2~1*(2~/2) 
,2QJ 100 Correct. 

Parentheses were used to cause NSC Tiny B~SIC to first comoute ?00/2, 
then to multiply by 2~J. 

3.7 Rules For Evaluatino EXnressions 

Division by zero (0) stoos everythinq and gives the messaqe' 

ERROR 12 

Exoressions are evaluated (in the absence of oarentheses) by doinQ 
all multiolications and divisions from left to right. After they are 
comnleteci all additions and stJbtractionc; are done, aqain, from Ip-ft 
to riQht. Any fractional results from a division are simoly ionored 
(truncaterl). The reslJl ts are not rounderi. For exanlole' 

1~ evaluated to zero. ~ince the inteqer oart of 2/3 is zero, and zero 
tim e s r "'~0 1 5 Z P. ro • But t 

evaluates to 666 because J000*2 is 200~ and 2000/3 is 666.66666, (the 
fractional sixes to the right of the deci~al point are dropoed). 

The expression 4+6/2+3 evaluates to 1~ because the division is done 
first yielding 4+3+3, and then the additions are done from left to 
riqht. In other words, 4+6/3+3 1s evaluated' 

4+6/2+3 = 4+3+3 = 7+3 = 10 
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The order 1n which ooerations 8Tedone is shown below in still 
another way. The numbe.rs in the circles show the order. 

~~~ 
4+6/2+3 

Parentheses over.ride the normal rules. Anything inside a pair of 
oarentheses oets evaluated befo~e that which 15 outside. This is the 
normAl alQebraic convention. Thus" 

( 4 +6 ) 1 ( 2+-3 ) 

evaluate~ to 2. thusly' (4"+6)/(2+3). tA/(2+3).= lfllJ/5 = 2 

Shown below Is the order In which oDerations are done by the use of 
numbers in circles. 

~<f~ 
( 4 +6 ) 'I ( 2+ 3 ) 

Parentheses may be nested as needed. This means you can have oaren­
theses within narentheses. 

1 2/2*12/2*3 = 6*1212*3 = 72/2*3 = 36,* 3 = 1 QJ8 

12/(2*(12/(2*3») = 12/(2*(1276» = 12/(2*2) :: 12/4 = 3 

Or. usinQ the circles. 

versus 

Check these In your head. and then on the comouter. 

Goorl oroqramminq prRctlce avoirls exoTe~slons like 12/2*1?/2*3 as they 
are hard to read. It Is cle~rer {and thus less error orone) to write 
« 12/2*li)/2*3) uc;inQ spacinQ and oarentheses for clarity even if 
they are not technically necessary. 

AIQebr~ic notation is used in NIRL. morliflerl as necessarY to fIt on a 
single lIne and, of cou.rse. to use orooer NSC Tiny BASIC arithmetic 
symbol s. 

ALGEARAIC EXPRESSION 

36 
9 + 3 

12 x 58 
7 x 25 

12QJ x 60 
12'" + 6~ 
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Thp,ro, are limits to the orders of orecedence allowed in anyone line. 
These, however, are hard to exolain, or evp.n finrl. The rule of thumb 
is that if you qet an MERROR 9~ occurrinq after a oArticularly 10no 
exorp.5sion. try to break that p.xoression into two or more oarts. 

3.8 Mistakes 

Perhaps the deadliest assumption in engineerinQ desiQn is that any­
body uslna the eauloment will use it corr~ctly. NSC Tiny BASIC 
provides error messages after it i5 too late. If you ilre workinq on 
A ITY and are lucky enouah to catch yoursp.lf in the middle of a 
statement. havina Just tyop.d an incorrect ch~racter, you do not have 
to throwaway the good part and retype the who~e thinq. 

The first ,"<{stAke correctinQ facillty<1.s R sort of back~oace. ~<Say 
that you typed "'PRINR" instead of .HPRINT". If, after the "RJ' you 
hRld down the SHIFT key ann oresseri the letter "0" you would qet a left 
oointinq arrow or underline. This means that the last letter you 
typed (the "R.I') is deleted and you can now tyoe the correct letter 
("T"). Try it a few time~. 

>PRINR 2+3 
ERROR 4 P R I NT m iss oe 11 ed 

After tynina R, tyoe __ (SHIFT 0), which 
erases the R. Then type the rest of the 
line. Everything is OK to NSC Tiny BASIC, 
althouoh it looks wrono on your TTY. 

The backsoace feature can be used reoeaterliv. It is up to you to 
k eeo trac k of Just how man V 1 ett ers have been obli tera ted. 

~ true backsoace feature is orovided for use with CRT terminals. 
Pressino the backspace key (or Control H) wi 11 erase the last 
character from the screen and memory. 

If you want to cancel an incorrect line entry without havinq to wait 
f or the error me ssaqe, ho lrl the CTRL button and 5 trl ke the 1 e tte r "U". 
NSC Tiny BASIC will tyoe ·U, do a cArriaqe return line feed, then it 
will tyoe the prompt (». 

>TYPE AN INCORR~CT LINE FNTRY AND PRESS aRETURN·II and qet 
ERROR 4 

> 

>TYPE ~N INCORRECT LINE ENTRY AND PRESS CONTROL UAU 

> _.~ _____ No syntax error. 

I f you are lucky enouqh to be usinQ a CRT t Just backsoace and rptyoe 
the offendina character. 
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3.9 Exercises 

Comolete the tollowinQI 

1. In NSC Tiny BASIC. numbers are Inteqer~ in the ranQe 
to _________ • inclusive. 

2. If you typet PRINT flTURN SWITCH NO 3 OND 

NSC Tiny BASIC will tyoe t _______________________ _ 

3. I t you tyoe I PRINT 7*7 

NSC Tiny B~SIC will tyoel_._ 

4. ·It you tYOe! COM~ ON NSC TINY BASIC. GET WITH IT! 

NSC Tiny BASIC wi 11 tyoe l _, ____ _ 

Do the followinq In your h~Arl or with paner and Deneil, a~ you think 
NSC T1..ny B~SIC would do them. Then, veri fy your answers. 

6. 123*<42/127) = __ _ 

~. 

9. 1 ~00* 22/7 = ______________ _ 

You will find the answers to these exercise Questions in ~ooendix A. 
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CHAPTER 4 

4.1 Variables 

If. instead of typinql 

PR I NT I 2C1J/4/5 

you typed, 

A=I2OJ/4/5 

the.result (which is 6, ascthe expression Is evaluated from left 
to riqht) would be given the name At'~ 15 called a variable. The 
instruction' 

PRINT A 

would--'resul t in th'e value 6 being orinted. The followinq is the en­
tire sequence of instructions as they mloht Aopear on your TTY oaqe 
or CRT screen. 

>PRINT 1 'A/4/5 
6 

>PRINT A 
6 

Try another one. 

>A=7 

>8=5 

>p,R INT A+R 
12 

The value 7 was assigned to the variable 
A and the value 5 to the variable B. 
Since A=7 and 8=5, A+8 will be 12. 

NSC Tiny BASIC now is instructed to know A:7 Anrl 8=5. 

>PRINT A*B 
35 A=7 times B=5 = 35 

In .NSC Tiny BASIC there are 26 variables, the letters of the alohabet 
A throuqh Z. FAch variable ",av be 'best considered as a pioeonhole In 
which exactly one number can be stored. When it is stated that 
K=4325, it mean5 to reolae e any orior value that K may have had wi th 
the new value ·4325. The old value Is lost. The instruction G=T 
tells the comouter to make a cooy of whatever value is in T and to 
nIece that copy in nioeonhoie G. In computer ,arqon the oiqeonhole~ 
are callerl "memory locRtions" because they can "remember" values. 
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Later you will see thAt many more locations are available to 5tore 
~AtA in, but for now thp.re are only 26 variable5 in NSC Tiny BASICt 

ABC D E F G H I J K L M N 0 paR 5 T U V W x y .Z 

Before a variable has been as~ianed a VAlue (.1arqon for outtinQ a 
number into a piQeonhole). NSCTlny BASIC Qives it the value~. It 
15 as if lust before you sat nown to use the computp.r ,someone hAd 
t voed I . 

A=0 B=~ C=~ etc. 

When you first start NSC Tiny BASIC All thp. variables will contain 
the value of zero (A). 

Skeotical? Try it out on your system. 

>PRINT A 

" 
>PRINT B 

(if 

>PRINT C 

'" 
and so on, if you wish. up to PRINT Z. 

Up to now you have used PRINT statements that orint only one thinQ. 

>PRINT 7 
7 

>PRINT 2+f'3 
5 

>A=13 

>PRINT A 
13 

One th 1 no (7). 
One thinQ (7). 

One thinq (2+3). 
OnA thinQ (value of 2+3). 

One thina (A). 
One thino (value of A). 

The PRINT statement CAn print more than one thinOI 

>PRINT 1,5 
7 5 

>PRINT 7+5.7-5 
12 2 

>8=5 

Two thinos (7 and 5). 
Two thinas (7 and 5). 

Two thinQs (7+5 and 7-5). 
Two thlnos (values of 7'+5 ann 7-5). 
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>PRINT A.R Two thinqs (A and B). 
7 5 Two thinqs (values of A and B). 

>PR INT ,7+5. 7-5, 1*5 t 115 Four thinQS. 
12 2 35 1 . Four thinQs. 

> 

You can orint two or more thinQs orovided you separate e.qch thinQ 
to be printed with 8 comma in the PRINT st~tement. 

4.2 Exp. rc i ses 

Pretend for a few minutes that you are the INS8073 and that NSC Tiny' 
BASIC is the lanauaqe you unnerstand. Show what would haooen if your 
user typed the followina' 

lONE TWO 

>A.=7 >M=47 

>8=5 >N=9 

>Q=M/N 

>PRINT M,N,OtR 

THREE FOUR 

>A=2 >A=37 

>R=3 >Q=A./lCiJ 

>C=4 

>D=5 

>PRINT A*B+C*D,(A+B)*(C+D) >PRINT A,B 
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r FIVE I 
>R=32 

>PRINT R*2211.(R*R>*22/7 

You will find the answer~ in Aooendix A 

4.3 The Stored Program 

Comoute the ~ouaTes of 23.31. 53 and 88. That is. comoutel 

222 '-
23 • 37 • 53 and AS • 

2 
>PRINT 23*23 23 = 23 •• 23 

?29 
2 

>PRINT 37*37 37 = 37 * 37 
, 369 

2 
>PRINT 53*53 53 = 53 .* 53 
28~9 

2 
>PRINT 88*88 88 = 8A * 88 

7144 

> 

You can qive more of the work to NSC Tiny BASIC' do this by storinq 
a oroqram to cQ~oute the square ot a number ••• don1t do it yet. 

I()J X=23 

20 PRINT X*X 
If you rfid tyoe this is and Qot an ERROR 
1 messaae here. 1 t·'s because your .R~M is 
not ~t the default loc~tlon. To re~edy 
this situ~tlon. you must tell NSC Tiny 
BASIC where your RAM is with a NEW 
statement. If your RAM is at 
hexaneclmal 10~0. then you would enter 
NEW '1~0~ then NFW aQain. For examolp.t 

>N EW * f (it""" 
NEW 
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Notice that the above OTOQram consIsts of two statements andthet 
~Ach ~ tatement beains wi th 8 line number. 

t~ X=23 

+ Line Numher. 4 line number can be an inteqer from 
'" to 32767. 

When statements with line number~ are typed, the stAtements are not 
executed immediately. InsteAd. the statements are stored in memory 
for later eXecutio,n. 

Refore- you store the above DrOQr~m, clear Ol:J:t,. - or erS$e ..... any old 
oroQram that 'Iliaht be 1.-" memory. To do this tyoe~ 

N F.W , I 00'" 
NEW 

NOTF' NEW '100~ sets the start of orooram oointer at location #1~0~ 
hexadecimal~ The numher symbol el) Is imoortant, this will 
be fully discussed In Chapter 5. 

It is imoortant that the start of oroaram oointer i~ ~et to the 
bealnninq of available RAM. This al16ws the oroqram lines to be 
stored as they are typed in. If your 8073 sy~tem differs from 
the one descrihed at lenqth in Section 3c determine the start 
arldre~s of the RAM in your syste~' then, use that address in 
you.r "NEwel command. . 

NSC Tiny B4SIC will erAse any old oroqram In its ~emory and oet ready 
to accept yo~r new oroQram. 

>NEW 

> NSC Tiny RASle i~ ready tor a new 
OrOQTam. 

Store the oroQr~m to compute the square of a number. Tyoe the 
followinq ·(exceot for the promots - NSC Tiny BASIC ooes that for 
you. ). 

>NEW 
>101 X=23 
>20 PR INT X·*X 
> 

The oroqram is now stored in memory. To verify this' 

Tyoe LIST and press the RETURN key. 

>LIST.4~--------------When you tyoe LIST. NSC Tiny BASIC 
I~ X=~3 lists the proQram. 
20 PRINT X*X 

> 
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To Qet a coPy of the nroQram currently ~tored in the INS8013"~ 
memory. type LIST and press the RETURN key. RUN the oroqram. 

>RUN 
529 

> 

First NSC Tiny BASIC din this ______ ... 10 X=23 

Th en .. 20 P R I NT X * X 

That~~ all. so the INS~~13 stonned. 

Look: over .. ~ the last tew inches of ITV paoer' y.ou may .. find it looks 
somethii'rQ like the tollowinq. CLine soaces have been added to make 

. 1 t ea s i e r to rearl.) 

>NJ:W 

>1~ X=23 
>20 PRINT X*X 

>LIST 

1~ X=23 
201 PR INT X*X 

>RUN 

529 

> 

First YOU eras~d any old oroQram In the 
systp.m. 

Then you tyoed in this two line nroQrarn. 

Then you asked NSC Tiny B~SIC to tvoe 
th~ 0 roqrarn out. 

Nse Tiny BAS Ie obliqed. (Note. No 
prompts. ) 

Then you aave the RUN com~8nrl. 

NSC Tiny HASIC rnn the oroQram, this 
was the r~sult. 

HavinQ done its APpointed task, NSC 
Tiny BASIC typ~rl a promot ••• ready for 
more work. 

Chanoe the value of X. To do this, typP. in a new Line 10. This will 
replace the old Line 10 with the new Lin~ 10. After makinq this 
change. LIST the modified prooram. Donlt tyoe NEW. 

>10 X=31 

>LIST 

1 C'J .X=31 This is the new Line I~t 

20 PRINT X*X and the old Line 2~. 

> 
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You can reolace any 1.1ne in the DrOQrsm by typinQ 8 new lIne wi th the 
same line number. To delete any line fr.om a oroaram, slmoly tvoe In 
thAt linelsnumber followAd hy 8 cArriaoe return. When the nroaram is 
listed, that line will no lonaer rem.qin. RUN the mortified oroqram. 

>RUN 
, 369 

> 

4.4 EXf!rcises 

1 • Chanqe Lin~ 10 to IA X=53 then LISr the modified orooram and .HUN 
1 t. 

2. Change Line '0 to IPJ X=RA then LIST the mortified oroqram and RUN 
it. 

If you rlld everythino on the orevious two oaoes without makino any 
typinq~'errors, the TTY oaqe will look like the fol10wlno. CAOAin, 
line snaces hAve been adcfed for readabilIty.) 

NEW 

>l~ X=23 
>2V1 PRINT X*X 

>LIST 
>I~ X=23 
2~ PRINT X*X 

>RUN 
529 

>I~ X=37 
>LIST 

101 X=37 
2A PRINT x*x 
>RUN 

1369 

>ICJJ X=53 

>LIST 

I~ X=53 
20 PRINT X*X 

REMEMBER 

1. To erase any old prooram and qet NSC Tiny 
BASIC ready for a new oroqram. tyoe NEW ann 
press RETURN. 

2. To oet a tyoen cony of the nroQram currently 
in the INS807~'s memory, tyoe LIST and 
oress RETURN. 

3. To tell NSC Tiny BASIC to execute the orooram 
In its memory. type RUN and oress RETURN. 

4. To reolace any sinqle line of a oroaram in 
m erno ry. tyoe ;:, 5 tn temen t wi th th e sam e 
line number. 
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>RUN 
2R(iJ9 

>10 X=88 

>LIST 

J0 X=88 
2A PRINT, X*X 

>RUN 
1144 

4.5 The - GO TO - Statement 

I f you typed the instructionl 

>PRINT MTHE BOAT IS SINKING. MAN TH~ PUMPS!U 

and cressed the RETURN key, the computer would orintl 

THE BOAT IS SINKING. MAN THE PUMPS! 

and then stoP. In a situation where a boat was actually sinkinq. the 
computer should be more insistent and repeat the messaqe(comolet e 
with bells> until somebody pays attention. There is a way to do 
this. Type in the following orogram. First tyoe NEW. (Don·'t RUN 
the program yet.) 

>NEW 

>I()J PRINT "THF BOAT IS SINKING. MAN THE PUMPS! (CTRL GOOGGCXn u 

>20 GO TO 1" 

> 

Before you RUN this Program - you must know how to stop it. When you 
type RUN and press the RETURN key, the TTY will begin running the pro­
gram and ringing bells. To stop a runaway comouter, press BREAK (or 
any other key) until the computer stops. 

Tyoe RUN and press RETURN. 

>RUN 

THE BOAT IS SINKING. MAN THE PUMPS! Rells 
THE BOAT IS SINKING. MAN THE PUMPS! Bells 
THE BOAT IS SINKING. MAN THE PUMPS! Bells 
THE BOAT IS SINKING. MAN THE PUMPS! Bells 
THE BO~T IS SINKING. MAN THE PUMPS! Bells 
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To STOP the oroQram. press BREAK. 

Thp. followlnQ is a short analysis of the above oroqram. Each line 
has a number. The first line Is numbered ten. the second twenty. 
When you say ·"RUN" the comouter starts to exec'ute lines beoinninQ 
with the lowest numberen line. In this case thAt is Line 1~1 the 
comouter orlnts "THF. ROAT IS SINKING. MAN THE PUMPS! Rells" When it 
is done with Line 1~. it then executes the next hiQher numbered line. 
In this case it is Line~. Line 2A has ~ nPow instruction, the GO TO 
instruction, it does the obvious thino And tells the comouter what line 
to 00 to. I.e., what line to execute next'.· The computer executes Line 
10 again, then looks for the next hiaheJ numbered line, and so forth. 
The computer will not ston until it is either turned off. or you stoo 
it by. pressing the AREAK button. . 

If you Are still unsure About how the GO TO proaram work~, follow the 
a rrowst 

>RUN 

C
'QJ 

20 

PRINT "THE BOAT IS SINKING. MAN THE PUMPS. Bells'" , 
GO TO 10 

This proQram is in the form of a 1000. The comouter Qoes around the 
1000 until you preS5 the BREAK key. 

After you"ve stopoed the oroqram by oressinQ the BREAK k~y, you can 
start it aqain by typinQ' 

CONT ('for continue) then press RETURN 

The oroaram starts· wherp. it Ip,ft off and continues to orint the meSS80e 
over and over aqain until the RRE4K key is aoain oressed. 

The imolications of this littlp. oroqram are imoortant. It is a little 
rrogram, yet it oroduces a lot of outout! Tell a comnuter to write, 
"I will do my homework fl A thousand times and it will do it uncomolaln­
inqlv. In an automobile, a microcomouter can be oroaral'YlTled to check 
the air nreS5Urp. in the tire5. the manifold nressure. fuel flow, 
battery voltaQe. the tlmlnQ and so forth, a hundred tiMes a minute, 
~very minute the car i~ in oneration. Reoetltlve Jobs, however many 
times they must be done, are usually no more difficult to oroqram th~n 
Jobs that must be ,done only once or twice. 
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4.6 The - INPUT - Statement 

2 
Wevert back to the problem of comoutinQ the value of X for various 
vAlues of X. The INPUT statement is a hAn~y mp.thod for teedlnQ 
values into variables. Follow alonQ with the oroQram to comoute' 

2 222 2 
X , then use it to comoute 23 , 37 • 53 • and A8 • 

>NEW 

>10 INPUT X (This i!C; the INPUT !=;tatement) 
>2~ PRlNT X*X 
>3()J GO TO 19' 

The above is a three statement oroQram, includinQ a new type of 
statement called INPUT. RUN the proqram t 

>RUN 
? (A new.kind of oromot.> 

NSC Tiny BASIC is now doinQ the INPUT statement. It tyoes a Question 
mark, then waits. You must type a number and cress RETURN. 

>RUN 

? 23 
529 

? 

>RUN 

? 23 
529 

? 37 
1369 

? 53 
2809 

1 88 
1144 

? 

(TYoe 23 and oreS5 RETURN.> 

(NSC Tiny BASIC tyoed another question ~ark to 
show it~s ready for more values of X. Continue 
with 37, then 53, then 88.) 

NSC Tiny BASIC will keeo oromotinQ with? until 
you let it know th-3t you are finished. To do 
this·' 

Press and holo CTRl and, while holdino CTRL down, press C. 
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? -CTRL/C 
STOP at .10 
> 

NSC TtnyBASIC has stopped running theorogram 
and waits for the next commann. 

Remember. NSC Tiny BASIC statements are done In line order number, 
unless a GO TO breaks that order. In the orecedinQ oroqram, the 
statements are done in the orrJer 5hown below. Again, follow the 
arrows' 

>RUN 

1~ INPUT X 

f 
PRINT X.X 

I TO IIll 

ProQrarrt loop5 around until you stoo it 
bV tYPing CTRL and C'toQether - CTRL/C 

The followino proQram computes the value of AX+8 for INPUT values 
of A, X. and B. 

>NEW 
> 1 OJ INPUT A. 
>2A INPUT B 
>3OJ INPUT X 
>40 PRINT A*X+B 
>5~ PRINT 'u. 
>60 GO TO 10 
>RUN 

? 2 --------A. 
? 3 '--------8 
? 5 ---------X 

This orints an "'emotv line". You could also 
use the exoression without the Q~otes. They 
only serve to make the outout orettier. 

113 ---------A*X+B 
---------Line soace printed by Li.ne 5". 

? 2 
? 3 
? 8 

19, 
1 CTRL (-)/C 
STOP AT 10J 
> 

4.7 Exercise 

How would you modify the oroqram so that, after typinq RUN, you 
could supply one set of values for· A ~nd B. followed by several 

. values of X? 

See Aooenrlix ~ for the answp.rs. 
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4.8 Informative PrintinQ 

4 orogram to orint squares of numbers could print answers thusly: 

>RUN 

? 23 
529 

? 31 
1369 

? 53 
2809 

? 88 
7744 

? and so forth 

The tollowinq would be more oreferable. 

>RUN 

COMPUTE X SQUARED 

WHAT IS X? 23 
X SOU A.RED = 529 

WHAT IS X? 37 
X SQU~RED = 1369 

WHAT IS X? 53 
X SQUARED = 2809 

WHAT IS X? 88 
X SQUARED = 1744 

WHAT IS X? 

••• and so on until someone tyoe~ CTRL/C. 

This oroqram· identities the desired input and the comouted and orinteci 
output. 

The tollowinQ are the first two statements. 

1~ PRINT "COMPUTE X SQUAREDu ' 
2(}J PR I NT lUI 

Line ,10 causes NSC Tiny BASIC to print the messaqe COMPUTE X SQUARFD. 
Line 20 orints a Line Feed. 
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The ·two statements-. 

30 PRINT ·WHAT IS X?M, --------Note the semicolon. 
4c;, lNPUT X 

Cause NSC Tiny RASIC to type' 

WHAT IS X? 

and wait for a value of X. The ~questlon mark is the oromot from the 
INPUT stAtemp.nt. Din you observe the semicolon at the end of the 
PrlINT stAtement? It orevents A CarriAQe return and line feed from 
occurrina. If YOU ~on't use a se~1colon th~ followlna would hanoen. 

30 PRINT "WHAT IS X .. ·---------No !l;emicblon. 
40 INPUT X 

Without the sp~icolon .• NSC Tiny BASIC tynes' 

WH~T IS X 
? 

For thi s oroQram. remember to use the semicolon at the riQht end of 
the PRINT state~ent. 

5~ PRINT X SQUARED .:JI; ~----Semicolon. 
6~ PRINT X*X 

TOQether these two statement~ cause NSC Tiny BASIC to orint the 
messaqe"X SQUARED =JI followed by the value of X*X. For examole, if 
X = 23. NSC ~lny BASIC will tyoe t 

X SQUARED = 529 

Remember to note the semicolon on the riQht end of Line 50. Had it 
been omitted the followlnQ Is what would haopen' 

5~ PRINT .. X SQUARED =" -------No semicolon. 
6G'J· PRINT X*X 

If X = 23. NIBL will type 

X SQUARED = 
529 

One more statement. 

7", GO TO 20 
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The followinQ is everythinQ put tOQether in a comolete,proqraml 

10 PRINT ·COMPUTE X SQUAREDu 
20 PRlNT .... 
30 PRINT ·WHAT IS X·I 
4CiJ INPUT X 
50 PR I NT "X SOU AR ED='· , 
60 PRINT X*X 
70 GO TO 2" 

Load the above program into your INS8073 and RUN It. Trv It for 
X = 23. 31. 53 and 88. 

4.9 Multiple statement~ Per line 

'The following instructions exolain how to put t.wo or ,"ore statements 
on one line. 

Instead oft 3~ PRINT MWHAT IS XM, 
4'" INPUT X 

You can out both statements on one line. 

30 PRINT ·WHAT IS X· I INPUT X 
(first statement) i (second statement) 

(The statp.ments are seoarated by a colon) 

To put more than two statements on a sinqle line. follow the same 
format as above and be certain to separate each statement with a 
colon (I). 

Instead of' 

20 PR INT JU • 

.30 PRINT "WHAT IS X,,,, 
40 INPUT X 

Put all thre~ statements on one line) 

2~ PRINT .... 

1st 
statement 

colon 

• INPUT X 

i I 
3rd 

statement 

colon 
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The tollowlno Is an examole ot four stat~ments on one I1ne. 

4~ INPUT XI PRINT .nx SaUARED=~" INPUT X I PRINT X*X I GO TO 20 

Instead oft 

4(1} INPUT X 
5~ PR I NT "X SOU A. RED=-", 
65 PRINT X*X 
7'" GO TO 2" 

2 
the followinQ is a ·comoact- oroQram to comoute X t featurino the use 
of mul tiol estatements oeT line·' 

J 0 PR I NT "COMPUTE X SQUARF.DJ· 
2~ PRINT Nfl • PRINT "WH~T IS XD, • INPUT X 
5(1} PRINT "X SQUARFD=u, , PRINT X*X t GO TO 20 

Try i t .. on your INSR~73. 

Follow the arrows to sp.e how the OTOQram works. 

RUN 

10 PRINT "COMPUTE X SOUARffi~' , 
(

2~ PRINT , 
5(iJ PRINT 

IU' I PRINT MWHAT IS XJ', ., INPUT X 

JlX SQUARED =", J PR INT X*X • GO TO aIJ 

As oer standard. NSC Tiny BASIC does lines in line number order, 
first Line"~, then to Line 20, then Line 5~. NSC Tiny RASIC does 
all statements on R line in lett to riqht order before movina on to 
the next line. Since line 5CiJ ends wi th a GO TO 20 statement. NSC 
Tiny BASIC. indeed, qoes to Line 20 and cont.inues, after finishing 
Line 5"". 

In order to emphasize that multiole statements oer line are seoarated 
by colons (I). a soace on each side of the colon has been added. this 
i~ ootional anrl Line 20 coulrf have bp.en tyoedt 

~PRINT ""'PRINT "WHAT IS X·~I'INPUT X 
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Some statements such as PRINT and INPUT can take mul tiole· arQurnents. 
This allows several st~tements to be added tOQether into one. tor 
examole t 

10Pt? INT XA J PRINT 4, 'PRINT "'DOMINO". I NPUT AI INPUT B 

can be shrunk tOI 

10 P R I NT X. y. "DO M I NO"·, I N PUT A. B 

4 •. 1 ~ Exerc Ises 

I. Write two proqrams to comoute the value Of AX+8 tor input values 
of 4, X and B, as illustra'ted by the followinQ RUN of our oroQr~m. 

>RUN 

PROGR4M TO COMPUTE 4*X+A 

A=? 2 
13=1 3 

X=1 5 
A*X+B = 13 

X=? 8 
4*X·+B = 19 

X=? I 2 
A*X+B = 27 

X=? ••• and so on ••• oress 8 and@to ahort orOQram. 

A. ProQrAm No.1. Do not use multiple statements oer line. 

B. Program NO.2. Use multiple statements oer line. 

Answers are in Apoendix A 
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CHAPTERS 

5.1 Bits Rnd Bytes 

We assume that you are usino an INSA~73 with at least 256 memory 
locations' this is the minimum confiauration to run NSC Tiny BASIC. 

o Each memory location holds. or ~tore5. one byte of 
inforf'tation. 

o One byte consists of eiQht binary dioits commonly. called 
hits. BIT = RINARY DIGIT 

o One byte = 8 bits. 

o ~ binary diQit (bit) is either ~ or 1. 

You can think of a rne'Ylory locAtion as ~hown in the followinq d-iaqram l 

The number. 73. is stored 
in binary. 

1 BYTE = 8 BITS = 1 MEMORY LOCATION 

Each bi t must be 0 or ,. Below ·are some numbers shown stored in byte':)' 

NUMRER (DECIMAL) STORED AS A BYTE (BINARY) 

2 

4 

8 

16 

32 

64 

128 

A 

~ 

(iJ 

OJ 

0 

0 

()I 

" 
1 
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OJ 

0 

'" 
0 

'" 
0 

"-' 

1 

~ 

~ PI 

0 ~ 

(it Qt 

'" " 
A Qt 

0 1 

1 CIJ 

'" '" 
(II 

'" 

A '" '" 
(It 

A OJ 0 1 

OJ '" 1 ~ 

" 1 9J '" 
I (;J 0 (II 

A " " CIJ 

'" OJ " 91 

0 0 0 " 
9t 0 " (iJ 



5.2 Exel"Cises 

FIQure'out how 3, 6, 7 and 29 would be stored. What is the larQest 
thAt can be stored in one byte? 

Answers are in Aopendix A 

5.3 Me~ory Address 

Eacn ",emory location ha!!; a unique numeric address. The NSC Tiny 
B~SIC proQram In the INSB073 syste~ occuoies locations with addresses 
?t to 2559. 

Anexoanded INSR(.')73 system miQht have more memory locations. For ex­
ample,- your system may have R192 locations, or 12288 locations ••• and 
50 on~~tip to a maximu", of 65535 location5,w~lch inclurles ·locations~ 
that ~re really Dorts tor oerioheral devices. 

-Memory addresses miqht run trom 0 to 49J95 or "-' to 8191, or '" to 122A7. 
anrl so on. 

o Memory locations 0 to 2559 hold NSC Tiny BASIC in the 
.,. on-chio ROM (Read Only Memory) ot the INS8~13. 

o Adrfre5ses 256rn throuah 65411 -are yours to use. When you 
tyoe in an NSC Tiny AASIC oroQram, you use some ot these. The 
longer your nroaram, the more you use. It you wire uo some 
interestino electronic QadQets to thp. system, you will most 
likely use some of these addresses. Not all of these memory 
locations will Actually be there In a typical system. 

5.4 Hexadecimal Number System 

To understand th~ literature, you are Qoing to have to learn hexa­
decimal. The hexadecimal (base sixteen) number system is a handy 
5horth~nrl for t~lking about bits and bytes and memory addresses. 

In hexadeCimal, addresses ranae fro~ '~000 to IFFFF. 

The number sian (N) i~ u~ed to tell you that the number is hexadecimal 
instead of ~eci~~l. This is thp. notation u~p.d in NSC Tiny BASIC' other 
notations exi~t in other literature. 

This is a decimal numberl 28673 

Thi 5 'i s ~ hexadecl~al number' '1~1 

The he~adp.cimal system has more diait~ than the decimal system. 

Decimal diqitsl o 2.'3 4 5 6 789 

Hexadeci~al diaits. 23456 789 ABC D E F 
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Just as in the decimal system, each hexadecimal dioit ha~ a ooqitional, 
(or otace) value. The digit occuoyinq ;:tny oositlon is multiplied bv 
the value of thAt oArticular nosition. The~e nrorlucts are then addp,~ 
tOQether to obtain th~ value of the number. 

Hexadecimal poc;ition values are expres~ed as powers of sixteen (rather 
than 1 ~ as in the dec lma I system). Posi ti.ons are numbered from rlQht 
to Ip.ft accordlna to the increasinQ Dowers J 

POSITION POSITION "POSITION .POSITI0N 
3 2 I " 

3 2 I 9 
16 16 16 16 

The dec imal values of the DOWers of sixteen are. 

9J I 2 3 
16 = 1 16 e 16 J6 = 256 16 a 4~96 

Check the decimal equivalents of the the followlnQ hexadecl~al numbers. 

3 2 J 0 
1700 1 = (7 x .1 6 ) + (0 x 16 ) + (0 x I 6 ) -+ (I x I 6 ) 

= (7 x 4~96) + A + 0 + J 

= 28672 + 0 • A • = 28673 

17002 = 28672 + 0 + 0 + 2 :: 28674 

'1004 =·28612 .+ ~ + A + 4 = 2.8676 

1701 0 = 28672 .+ c;, + I 6 + " = 286 R8 

#702OJ = 2R672 .+ ~ + 32 + QI = 287(114 

(Remember, II in front of A number means it is hexarlecimal.) 

You will notice that in Section 3 a hexadecimal number is referred to 
by orecerliha the number wi th an "X.", in!'tead of the 1'#" siqn. for ex­
amole. 

This is a more standarrl notation for hexadecimal numbers, but NSC Tiny 
BASIC does not like it. 
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If we ask the INS~~13 in NSC Tinv BASIC to print a hexadecimal number, 
NSC Tiny BASIC orints the decimal equivalent. 

>PRINT #100 1 
28673 

>PRINT #A 
IOJ 

>PRINT 18 
I I 

>PRINT IIC 
12 

>PRINT #0 
J 3 

>PRINT IE 
14 

>PRINT IF 
15 

>PRINT #I~ 
16 

And so on ••• 

The following is a table of hexadecimal digits vs. decimal values. 

HEXADECIMAL DECIMAL 
DIGIT VALliE 

~ {It 

J 1 
2 2 
3 3 
4 4 
5 5 
6 6 
1 7 
8 8 
9 9 
A 10 
B 1 I 
C 12 
0 13 
E J4 
F 15 
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You may~wish to use the followinQ small oroQram for further exoeriment­
ation'. 

>NEW 

>1",0 RFMARK HEXAOECIMAL TO DECIMAL 
>IJ0 PRINT .... 
>12'" PRINT ~HEXADECIMAL NUMBERu,.INPUT H 
>IJ0 PRINT "DECIMAL F:QlJIVAL~NT Isu,H - This is a multiole PRINT 
>14'" GO TO II?J statement, see section 

>RUN 

HEXADFCIMAL NUMREQ? '1001 
nECIMAL EaUIV~L~NT IS 2~673 

HEX4DFCIM4L NUMBER? •• And so on. If you tyoe A decimal numher 
(without #). you will qet 
the deci~Rl eQuivalent of 
you r dec 1"'8 I numbe r. 

You may have noticed somethinq new in Line 100. Any line that beqins 
\,.1 th ther worn "RFM4RK"' i5 lQnorp.d by NSC Tiny BASIC, even if it 
contains AnothAr statement or~~eded by ~ colon. These RFMARKS are USAd 
to help document the orOQram' and, RFMAKK st~tements will he found in 
qreat ~b~lntianCp. in thp. oroqram!=i that follow In this oriropr. 

5.5 More 4bout ~ex~rlecimal 

The hexadecimal numbers #0 to #7FFF. inclusive. are eQuivalent to the 
decimal nu~hers. PI to 32767. inclusive. You can obtain the dAcimal 
equivalent of any hp.xadecimal numher in the abovp. rAnQe bv usina the 
nroaram on thi~ oaoe. 

To find out about the hexadecirnal numbers from IR000 to #FFFF. uSP. the 
program on th1~ paqe. Enter that oroqrAM and type RUN. 

>RUN 

HFXADECIMAL NUMBFR? #R000 
nF.CIMAL EQUIVALENT IS -32768 

HF.XADECIMALNUMRFR? #R001 
DECIMAL EQUIVALENT IS -32767 

HEXADECIMAL NUMA~R? NFFFF 
DECIMAL EQUIVALENT IS -1 

H~XADECIMAL NUMAFR? *FFFE 
DFCIMAL EQUIVALENT IS -2 

And so on ••• 
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Rememher the number circle in Chaoter 31 It works in h~X8decimal too. 

#,FFFF 
IIFFFE 

#FFFD 
IIfFFC 

IFFFR 
• 
• 

#1 
#2 

#3 
#4 

#5 
• 
• 

• • 
~OO5 • 

#800 #1FFC 
#800 3 117 FfD 

'8002 *7FFE 
'.8(}ft'} I 117 FFF 

'8000;, 

Compare the hexarleclmal number circle with the decimal circle in Chao­
ter J. Below is a table ~howinQ some of the eQuivalences between 
rieci'nal and hexarleclmal NSC TIny B~SIC numbers. 

,,- POSITIVF. NUMBERS NEGATIVE NUMB~RS 

Hexadec Imal Dec imAl Hex;)dec 1 rnA I Decimal 
III I 118"'00 -32768 
#2 2 #~oo, -32767 
#3 3 #8002 -32.766 
14 4 #8~03 -32765 
• • • • 
• • • • 
#1FFD 32765 *FFffi -3 
17FFE 32766 IFFFE -2 
117 FFF 32767 IIFFFF -I 

NSC Tiny FiASIC Autornatlca 11 y converts number~ from hexadecimal to 
decimal durino orint outf however, there is no built-in method tor 
orint1na number~ rllrectly in hexArlecimal. Thp. followino examolps 
illustrate the method used to convert decimal numbers 0 to 255 to 
hexadecimal' 

Ch ec k. 4 x 16 + 9 = 73 

Check. 5 x 16 + 15 = 95 

Ch ec k • I 5 x 1 6 + 1 5 = 2 55 

'F .15)' "'F = 15 
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You can conv~rt any decimal ntnnber, '" to 255, to heXAdecimal as 
follo·ws. 

1 • Divide the dec ima 1 number by 16, obtaining the quotient 
and remainder R. 

2. For decimal numbers in the ranoe C.J to 255, the ouotient 
and the remainder R will each be numbers in the ranqe ~ 
15, inclusive. 

Q 

0 
to 

3. The h@xadeci~Al number is #a~R' where 0' and R' are the hexa­
decimal diqits (0 through F) corresoondlno to the values of 
Q and R. 

The followino Is a oroqram to comoute Q and R, thi5 oroqr"am features a 
new function, called MOD, for comoutinq .R. 

>NEW 

>I~ REMARK CONVERT DECIMAL TO HEXADECIMAL. SORT OF 
>11~ PRINT HM,PRINT nYOUR NUMBERfl,.INPUT N 
>1201 R=MODCN.16) 
>13A Q=N/J6 
>'4~ PRINT ~HEXADECIMAL DIGIT V4LUESJfl,O.R 
> 1 5~ GO TO l' ()J 

>RUN 

YOUR NUMBER? 73 
HEXADECIMAL DIGIT VALUES' 4 9 "Ther~fore , 

YOUR NUMBER? 95 
HEX4DECIMAL DIGIT VALUES. 5 15 Therefore, 

YOUR NUMBF.R? 255 
HEXADECIAL DIGIT VALUES. 15 5 Th erp.fore, 

73 = '49 

95 = #5F 

255 = 'FF 

In Line 12~.·the function MOOCN,J6) comoutes the remainder on division 
of N by 16 0 

The following illu~trates the method used to convert decimal numbers 
in thp. ranQe 0 to 32767 to four dicit hexarleci~al numbers. Check it 
over very carefully. 

The above is the conversion for 4660 to 11234 
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J 792----..... 112 
16/ 28673 1671792 

16 J 6 
J 26 .9 
II' 16 

147 32 
144 32 

33 ~--------------
32 

J ______________ -----

The above is the con,version for 28673 to #7001 

You try to convert 6844 to hexadecimal. 

6~44 .:: , 

(The check your convp.rsion of 6844 to hexadecimal, look at the next 
proqram. ) 

The following oroQra~ will work for numbers in the range 0 to 32767, 
inclusive. 

>LIST 

lA~ REMARK CONVERT DECIM~L TO HEX~DECIM~L, SORT OF 
110 PRINT "".PRINT "YOUR ·NUMBERn,.INPUT N 
J 2A X = MOD (N , 16 ) 
130 N=N/16 
14~ W=MODCN. 16) 
150 N=N/16 
160 V=MOf) eN ,16 ) 
170 U=N/J6 
IA0 PRINT flHEXADECIM4l DIGIT V~LUEs,nu,v.w,X 
J 90 GO TO I I (IJ 

>RUN 

YOUR NUMBER? 466~ 
HEXADECIMAL DIGIT VALUES' 

YOUR NUMBER? 28683 
HEXADECI.MAL DIGIT VALUES" 7 0 0 14--28673 = '700 I 

YOUR NUMBER? 6844 
HEX~DECIMAL DIGIT VALUES' 

YOUR NUMBER? 255 

J 0 1 J I 2+6844 :: , I ARC 

HEXADECIMAL DIGIT VALUES' ~ 0 15 .5~255 :: #00FF = IFF 
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YOUR NUMBER? 32161 
HEXADECIMAL DIGIT VALUES' 1 15 15 15~32161 = #7FFF 

YOUR NUMBER? -1 
HEXA.DECIMAL DIGIT VALUES' 0 0 0 -14-Beware of neQatlve nlJmber~! 

YOUR NUMBER? -32767 . ~ 
HEX~DECIMAL DIGIT VALUES' -7 -15 -15 -15 

YOUR NUMRFR? '1001 
HEX4DECI~~L DIGIT VA.LUESJ 1 0 0 I - Hexadeci~al 15 converted to 

hexadecimal. orovided,the 
number is In the ranQe '0 to 

\,I7FFF • 
. 

YOUR NUMBER '8~~ 
HF.XADECIMAL DIGIT VALUES? -8 0 0 0 Other hexadecimal numbers aive 

funny results. ~ comolete ex­
planation will not be a tterrtot­
ed in this Dri~er. 

YOUR NUMBER? (No GO TO ~tAtement at end of oroQram) 

In case you haven,'t fiouren out how the oroaram works. follow alonq as 
the proQram for N = 466!.'J is traced. The followinQ trace shows the 
values of variahles after the c;tatement on the same line has been 
executed. 

STATEMENT N 

lICit INPUT N 466()J 

J 20 X.:: MOD ( N, J 6 ) 4660 

13'" N=N/16 291 

140 W=MOD(N,16) 291 

150 N='N/J6 18 

160 V=MOD (N. 16) 18 

17()J U=N/16 18 

180 Prints the values of U,V.W, and X 

19~ REPEA.T THE PROGRAM AD INFINITUM 
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2 

2 

X 

4 

4 

3 4 

3 4 

3 

3 

4 

4 



5 .6 Ex e rc i 5 e 

Trace the prooram for N = 6844. 

STATEMENT 

I J 0 INPUT N 

12PJ X = MOD CN.16) 

130 N = N/16 

14~ W ::= MOD (N t 16) 

150 N ::= NL16 

160 V = MOD eN ,16) 

11~ U ::= N/16 

Answers Are in Annendlx A 

N 

6844 
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CHAPTER 6 

6. I The I F Statement 

The useful and oowerf111 IF sta tement oermi ts proqrams to be wri tt en 
in which the comouter ~akes simole decisions. 

The followinQ is an IF statement. 

IF P=14 THEN PRINT "AIR PRESSURE IS NORMAl:" 

This ~tate,"ent tells the comotJter "IF the value .of P Is eQual to four­
teen, then print the messaQe J'AIR .PRFSSURE IS NORMAL.H. Not stated, 
but imolied, is that IF P is not eQual to fourteen, the meSSBQe is 
not orinted. 

The following Is an examp! e of ':the I F statement used in a short 
orogra", • 

,~~ REM AIR PRESSURE MONITOR 
ll~ PRINT ""'PRINT -WHAT IS AIR PRESSUREfl,JINPUT P 
12CiJ IF P= 14 THEN PRINT "AIR PRESSURE IS NORMAL" 
J. 3c;, GO TO I 1" 

You may have noticed that an Abbreviated form of the "Re~ark'" state­
ment was used in Line 100. NSC Tinv BASIC only needs the first three 
Ie tters to recoon1 ze the word, "REM'" can be used as an abbreviation 
for the word REMARK. 

Next, run the proQram and suooly several values for air oressure, 
P. 

>RUN 

WHAT IS AIR PRESSURE? 14 
AIR PRESSURE IS NORMAL 

WHAT IS AIR PRF-SSURE? 14 
AIR PRESSURE IS NORMAL 

WHAT IS AIR PRESSURE? 23 

WHAT IS 4IR PRESSURE? 2~ 

WHAT IS AIR PRESSURE? ~ 

No messaQe is printed 

WHAT IS AIR PRESSURE? A C+-.(Control/C was oressed) 
STOP AT 11~ 

> 
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I t would be better to have NSC Tiny B~SIC orint messaqes and rinq 
bells when the air or~ssure i~ NOT normAl. Reolace Line 12~ with the 
following IF statement. 

12CiJ IF P <> 14 THEN PRINT '"AIR PRESSURE IS NOT NORMAL bells'" 

In NSC Tiny BASIC, <> means ••• not equal to ••• 

The following is the comolete oroqram. 

100 REM A I R P.RFSSURE MON ITOR AND ALARM 
110 PRINT '''''PRINT "WHAT IS AIR .PRESSURE". t INPUT P 
12R IF P <> 14 THEN PRINT -AIR PRESSURE IS NOT NORMAL bells· 
I 30 GO TO I J (;J 

>RUN 

WHAT IS AIR PRESSURE? 14 

WHAT IS AIR PRF.SSURE? 14 

WHAT IS AIR P·RESSURE? 14 

WHAT IS AIR PRFSSURE? 50 (Trouble!) 
AIR PRESSURE IS NOT NORMAL Bells 

WHAT IS AIR PRFSSURE? 12 
AIR PRESSURE IS NOT NORMAL Bells 

And so on. 

In a situation where air oressure was actually beina monitored, Line 
II~ would be reolaced with a a method for automatIcally acauirinq the 
value of the air ores~ure PI probably by means of an analoQ to diqital 
converter wired into the INS8073·'s memory. For now, however, you will 
~i~ulate thp. aCQui5itlon of dAtA by mean~ of INPUT statements and 
concentrate on the structure of the oroQram itself. 

Requirlnq P to be exactly 14 is a tlQht cont.rolt loosen things uo a 
little ann let normal oressure be anythina from 13 to 15. inclu5ive. 
You want a warninq orinted whenever P is less than 13 or oreRter than 
15. 

1~ REM AIR PRFSSUR~ MONITOR AND ALARM 
1'''' PRINT "" ,PRINT "WHAT IS AIR PRESSURE'''' I INPUT P 
'2~ IF P < 13 THF.N PR I NT 11 A IR PRF.SSURE I S NOT NORMAL Be 11 s'" 
J3~ IF P > 15 THEN PRINT uAIR -PRESSURE IS NOT NORMAL Bells" 
14~ GO TO II~ 

If P is less thAn J3, line .120 will cause a w8rnino/alArm to be 
orlntedl and. if P is oreater than 15, Line J3~ will cause the 
messaoe to be orinted. If P i~ 13, 14 or 15, no messaQe will occur. 
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>RUN 

WHAT IS AIR PRESSURE? 14 

WH4T IS AIR PRESSU.RE? 13 

WHAT IS AIR PRESSURE? 15 

WH4T IS 4IR PRESSURE? 12+-<Pressure is less than 13) 
AIR PRF.SSURE IS NOT NORMAL Bells .. 

WH4T IS 4lR PRESS(JRE? 16+-CPre5sure is more than 15) 
AIRPRESURE IS NOT NORMAL Bells 

And 50 on ••• 

6.2 Ex-erc i se 

Modify the above prooram, with Just two smallchanQes, so that when air 
oressure is not normal NSC Tiny BASIC will tell you whether it is too 
hiQh or too low. A RUN miqht look like the followino, chanQe the last 
oroQrarn~o do this. Answers are in Aopendix A 

>RUN 

WHAT IS AIR PRESSURE? 14 

WH~T IS AIR PRESSURE? 13 

WHAT IS AIR PRESSURE? 15 

WHAT IS AIR PRESSURE? 16 
WARNING! AIR PRESSURF. TOO HIGH 

WH4T IS AIR PRESSURE? 12 
WARNING! AIR PRFSSURE TOO LOW 

And "So on ••• 

Since you are monitorinq air oressure between limits, chanQp. the 
oroQram to q1ve yourself a little more flexibility in settinQ the 
limits' 

1~0 REM AIR PR~SSURE MONITOR AND ALARM 
11~ REM L:LOWFR LIMIT. U=UPPER LIMIT FOR NORMAL PRESSURE 
120 L= 13 
13CiJ U=15 
140 RF.M ACQUIRE ACTUAL AIR PRESSURE, P 
15CiJ PRINT ""'P~INT·WHAT IS 4IR PRESSURE·", 11NPUT P 
160 REM IF P IS OUTSIDE NORMAL LIMITS, PRINT MESSAGE 
17eJ IF P<L THEN PRINT "WARNING! A.IR PRESSURE TOO LOWJ' 
Iq0 IF P>U THEN PRINT "WARNING! AIR PRESSURE TOO HIGHU 
19~ REM GO GET ~NOTHER VA.LUE OF P 
200 GO TO 150 
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Try the preceding program' then, change the lower limit Cll and UDoer 
limit '(U) in Lines ,~ And 130 And try the orogram 8oain. 

Also try this. Combin'e Lines 19eJ and 200 as follows. 

19'" GO TO 15""REM GO GET ~NOTHER V4lUE OF P 

Line 190 now contain~ two statements, a GO TO which tells NSC Tiny 
R~SIC what to do, and a REM (remark) which tells you what is haooeninQ. 

You fYlAy wi sh to chanqe Lines 12'" and '3'-' to INPUTsta tem ents • In tha t 
case, a RUN might look like the followlnq. 

>RUN 

LOWER LIMIT FOR NORMAL AIR PRESSURE? 13 
UPPER LIMIT FOR NORMAL AIR PRESSURE? 15 

WHAT IS AIR PRESSURE? 14 

WH~T IS ~IR PRESSURE? 13 

WHAT IS AIR PRFSSURE? 16 
WARN I N G! A I R PRE S5 {} RET 00 HIGH 

WHAT IS AIR PRFSSURE? I~ 
WARNING! AIR PRESSURE TOO LOW 

And so on ••• 

In Qeneral, the IF statement has the form of THFN. 

I F cond I t 1 on - THFN s ta tement 

For exa,"ole. thp. following are two IF statements you~ve already seen' 

IF P = 14 THF.N PRINT '''AIRPRESSURE IS NORMAL'" 
I ( 

Condition Statement 

If P<L THEN PRINT ,"WARNING! AIR PRESSURE TOO LOW" 
I I 

Conrlitlon Statement 

The following, Is An IF statement that you will be uslno soon. 

IF F>2~ THEN GO TO 5'~ 
I I 

Conrlition State~ent 
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The condition is frequently a comoarison between two Quantities. Here 
is a handy table of comparisons that can be used in IF statements' 

NIBL Symbol . Meaninq Math Symbol 

= 
< 
> 
<= 
>= 
<> 

Is equal to 
Is less than 
Is Qreater than 
Is less than or equal to 
Is Qreater than or equal to 
Is not equ&l to, i.e., Qreater~ 

or less than 

= 
< 
> 
~ 
.2:. 

The auanti tiee; beinQ cornparerf can be numbers, variables or alQebraic 
expressions. The comparison can be TRUE or FALSE. 

Below ·are compar1sons and their truth values, TRUE or fALSE' 

3 + 5 > 6 is TRUF, always. 

It A = R and B = 3~, then 4*A <= B Is FALSE 

"1 f A = 8 and 8 = 32, then 4*A <= B is TRUE 

If A = 8 and 9 = 4~. then 4*A <= B ie; TRUE 

If the cornoarison is TRUE, then the next statement on the same line as 
the I F is executed. It can be a'ny kind of statement. A PRINT. a GO 
TO. another IF. or even those kinds of statements yet to be introduc~d. 
If the comoarison is FALSE, then the statement followinq the co~oar1son 
is iqnored and the next h1Qhest numbered statement 1s executed. 

IF P<L THEN PRINT "'WARNING! AIR PRESSURE TOO LOW" 

Do this if the condition P < L is TRUE. 
Don~t do this if P < L is FALSE. 

ThAt~s all there ie; to IF statements, except that the word THEN may 
be omitted .if you wish. For examole, instead of writinQt 

I r P= 14 THEN PR INT "A I R PRESSURE 1 S NORMAL'" 

you can om i t the word THEN and wri tel 

IF P= 14 PRINT'" AIR PRESSURE IS NORMAL" 

Sometimes the word THEN makes the proqram easier to read. Use it if 
1 t feels comfortahl e. 

Re careful to avoid makinq multiole statements seoarated by colons 
on a line with ~n IF ~tate~ent. Remember that when an IF condition 
Is found to be FALSE, the entire rest of the line Is iQnored. There­
fore, for the followinq proqram, a zero will be nrlnted. 
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10 A=O '8=99 
,~ IF 8> l~A THEN PRINT "BIG Bn~A=1 
30 PRINT A 

The followinQ oroqram has several REM's to helo you read and under­
~tand it. 

100 REM DIALYSIS FLOW MONITOR PROGRAM 

II~ REM GET FLOW RATE. F 
I 2(}J PR I NT tU'J PR I NT "FLOW". i INPUT F 

13(}J REM CHECK IF FLOW RATE CRITICALLY HIGH 
J40 IF F>20 THEN GO ~O 510 

15~ REM CHECK IF FLOW RATE CRITICALLY LOW 
160 IF F<I91 THEN'GO TO 51A 

17~ REM CHECK IF FLOW RATE ABNORMALLY HIGH 
180 IF F>11 THEN GO TO 710 

J90 REM CHECK IF FLOW RATE ABNORMALLY LOW 
200 IF FeJ3 THEN GO TO 71~ 

21~ REM IF FLOW RATE IS NEITHER TOO HIGH NOR TOO LOW. IT IS OK 
220 PRINT "FLOW OK·II.GO TO 12~ 

500 REM FLOW RATe CRITICALLY HIGH OR LOW. SOUND BELLS 
51 ~ PR INT "DANGER! ROW RATE CR ITI CAL R e 11 s .GO TO 12(}J' 

70'" REM FLOW RATF IS ARNORMALLY HIGH OR LOW, PRINT MFS5AGE 
710 PRINT JlWARN ING. FLOW RATF ARNORMALu.GO TO 120 

Try this orogram, make sure it works for all bossible conditions. Try 
the followinq flow rates AS te~t cases. 

FLOV~ OK. 13, 14, 15, 16. 17 

A BN ORM AL I , ~. 11. 12. 1 R. 19, 2~ 

CRITICALJ 1,8.9, 2J. '2. 23 

A.fter you have convinced yourself that this oroQram works. read the 
fol1owinq analY5i~ of it. 

Follow alonq and tracp. throuqh the oroaram for a few sopciflc VAlues of 
F. First. supoo~e F = 25. The condition In Line 14~ (F>20) is TRUE, 
therefore, NSC Tiny BASIC will 00 to 5.19J. Line 51c;, directs NSC Tiny 

. BAS IC to orint the me~sage ~DANGER! . FLOW RATE CRITICAL", ring the Try 
bell severAl ti"las. then GO TO 12~ for A new VAlue of F. This will 
continue to haooen tor as 10na as F remains oreater than 20. 
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Suopose F = 9. The condition in Line 140 (F>20) is FALSE, so NSC Tiny 
BASIC. ooes on to Line 16~. In Line 160, the condItion (F<10) is TRUE, 
so NSC Tiny BASIC will qo to 5'0, Drint the danQer messaae, rinq the 
bell. then GO TO 1~0 for still another value of F. 

Suppose F·= 18. The condition in Lines J4~ and 160 Are both FALSE. 
(Check them yourself.) Therefore, NSC Tiny BASIC arrives At Line 180. 
The condition in Line lA~ (F>17) is TRUE, so NSC Tiny BASIC rioes GO TO 
71~ and, as dlrecterl by Line 710 prints the message, "WARNING' FLOW 
RATF AANORMALJ', then goes back to Line 12~ tor another value of F. 

The above ha~ tracerl three oossible paths throuah the oroQraml there 
Are two more, try these for F = 12 and F : 15. As there are five 
nossible path~ in all, you may wish to choose your favorite colors of 
felt tio oens and actually draw the oaths. ' 

START 

FALSE 

22c;, 
FLOW OK 
GO TO 12~ 

Flowchart 

TRUE 140 
GO TO 5191 

TRUE 16~ 
GO TO 510 

TRUE 180 
GO TO 7J~ 

TRUE 200 
GO TO 71A 
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510 
DANGER! FLOW 
RATE CRITICAL 
(BELLS) 
GO TO 120 

710 
WARN ING I FLOW 
RATE ABNORMAL ~~.I 
GO TO 120 



In the flowchart. or 10Qic diaQram, of the Dialysis Flow ~onitor Pro­
rAm, the diamond shaoed boxes corresoond to the IF statements. 
The numbers at the top of each box corresoond to line numbers in the 
orooram. Compare the flowchart wi th the nroqrATTI. Tracp. throuQh the 
flowchart for several values of F. Make sure you trace each of the 
five possible oaths throuoh the oroqram. For examole. try it for F = 
25, 9, 18, 12 and 15. (Aqain. olease note that it would be heloful to 
""Ark each path with a different color.) 

6.3 A More Comn~ct ProQram 

In looking over the Dialysis Flow Monitor Prooram, we note the 
followlnq. 

I. If F>2~ or 'F<'~. thp. OToqram shoulrl havp. a danQe:n meSS8Qe oIu5 
alarm. 

2. If the above is not true. anrl if F>17 or F<13, then the oroQram 
should have an ~abnormalu messaae, but not an alarm. 

3. l'"f neither of the above are true and everythinQ is OK. a "fLOW 
OK" messaop. will suffice. 

NSC Tiny BASIC oermits the use of loqical ooerators AND. OR ann NOT. 
Use is made of the OR operator in the tollowinQ revision·ot the 
dialysis orOQra~. 

100 REM DIALYSIS FLOW MONITOR PROGRAM 

1 lot REM GET FLOW RATE 
120 PR I NT tiM t PR INT "FLOW",. INPUT F 

13" REM CHECK IF FLOW RATE CRITICALLY HIGH OR LOW 
140 IF CF>20) OR (F<.1~) THEN GO TO 510 

170 REM CHECK IF FLOW R~TE ABNORMALLY HIGH OR LOW 
lR~ IF CF>17) OR (F<13) THEN GO TO 710 

210 REM IF FLOW RATE IS NEITHER TOO HIGH NOR TOO LOW. IT IS OK 
220 PRINT "FLOW OK~tGO TO 1209 

5~0·RFM FLOW RATE CRITICALLY HIGH OR LOW, SOUND BELLS 
51~ PRINT "DANGFR! FLOri RATE CRITIC~L Aells.GO TO .120 

700 REM FLOW RATE IS ,ABNORMALLY HIGH OR LOW, PRINT MESS~GE 
7J0 PRINT "WARNING' FLOW RATE ARNORMALII.GO TOl 20 
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Suppose F=25. Then the compound condition (F>2") OR (F<l") In Line 14?J. 
is TRUE. In this case NSC Tiny BASIC will GO TO 51~. If F=9, the 
compound condition is also TRUE and NSC Tiny B4SIC will GO TO 510. 

Suppose F=18. The cornoound condition (F>2QJ) OR (·F<I~) in Line 14" 
is FALSE, so NSC Tiny BASIC continues on to Line 180. Remember, F Is 
now equal to lA, so the conditio.n (F>17) OR (F<13) in Line 13~ is TJ.lUF:. 
NSC Tinv BASIC does a GO TO 710. 

* * *The parentheses enclosinq F>20. F<10 and so on, 
a re nee e ssa ry' wi thout t,nttm.. the oroqTam will 
not work. because loqical ooerators. as arithmetic 
ooerators, are evaluatep:;cfrom the lef·t- side of the 
expr~~~lon to the rioht. Parenthe~es are u5ed to qive 
prec edenc e. * * * 

The fo llowino i ~ A f lowcha rt of the condensed dial vsls OTOQram. 

START 

22'" 
F1.0W OK 
GO TO 120 

5J0 
DANGER! FLOW 
RATE CRITICAL 
(BELLS) 
GO TO 120~_ 

710 
WARNINGJ FLOW r---~~ 
.RATE ABNORM4L 
GO TO 120 
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Have yo~ noticed that both oroQrams tested for the most danqer-
ous condition fir~t? Then tested for the ~econrl most danQerous. 
simoly as a matter of l~fe-savinQ priorities. In this case. a few 
milliseconrls orobably won,'t ""Ake ",uch difference. however, in mAny 
real time apolications, a few milliseconds do make a difference. 

To illustrate to you that prOQTams usually can be improved upon, the 
followinq Is a slJoer-condensed Oialysis Flow Monitor Proqram l 

12CiJ PR INT '"'' PR I NT "FLOW", I INPUT F 
140 IF (F>2(i) OR (F<J~) JJRINT -DANGER! FLOW ~ATE CRITICAL'" 

GO TO 12(i) 
160 IF (F>11J OR (F<13) PRINT '''WARNING' FLOW RATE ABNORMAL .... 

GO TO 12CiJ 
22" PR INT .MFLOW OK"'GO ,'TO;,: 1·20 

The AND, OR and NOT operators neerl not he limited to use in IF state­
~ents. They Are logical ooerAtor~ anrl onerate Bit-by-~it on any con­
~tAnt or variable. This will be illustrated latar on in this manual 
with an example on some 1/0 bits. 

The followlno proQram implement~ the function indicated In the Qraoh 
beneath it. 

100 REM HASTILY CONSTRUCTED PROGRAM TO ILLUSTRATF. USE OF "AND" 
11~ PRINT "".PRINT "X=fl,~INPUT X 
J20 IF (0<=X) AND (X<=l00) PRINT .. Y=.II,X.GO TO 110 
130 IF (10CiJ<X) AND (X<=20~) Pf.lINT "Y=·',IOO.GO TO 11~ 
140 IF (200<X) AND (X<=400) PRINT lIy=u.15",tGO TO IJ0 
15A P~INT "Y IS NOT DEFINED FOR X=-,X 

NOTE' The parentheses around CIJ<=X, X<=l~c.J. and so on in the 
IF statement are necessary. Without them, the orogram 
will not work. This is because of the multiollcity in the 
conditions beinq checked. 

Y = f(x) 

15~ 

--------~--------~----------------~----~x 
400 

X for 0 < X < 100 

y = t(x) = l~ for 100 < X < 2~ 

15~ for 2~ < X < 4A0 
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The followinQ 1 s a RUN of thp. orecedlna orOQram. All cri tiCAl ooints 
have'been checked. 

RUN 

X=? -I 
Y IS NOT.DEFINED FOR X=-I 

X-? A 
y= 0 

X-? 37 
y. 37 

X=? 99 
y.= 99 

X-? I (iJti) 
y.= 100 

X=? "If 1 
y- ·"101 

X=? 199 
y= 100 

X-? 200 
y= 100 

X=? 2",. 
y= 150 

X=? 299 
y= 150 

X=? 300 
y= 150 

X=? 3A J 
y- 150 

X=? 399 
y- 15~ 

X=? 4"'''' 
y- 150 

X=? 4"" 
Y IS NOT DEFINED FOR X = 4~1 
And so on ••• 
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6.4 Random Numbers Rnd Comouter Games 

Another useful feature in NSC Tiny BASIC is a ranrlom Qenerator. 
Sometimes it 1s useful to Qenerate random ,numbers between. specific 
lirnits. A trivial us~ i~ to imitate a oair of dice. The statement. 

D = RNO ( I ,6) 

will make 0 some number between 1 and 6 inclusive. wIth eaual 
orobability for each of the pos~ibilitie5. The followtnq proQra~ 
simulates a oair of dice. ~ . 

10 PRINT RHDCt.6). RHO ( I ,6) 
20 GO TO 10 

RUN the proQram tor a while. 

>RUN 
4 ·1 
2 3 
3 5 
I I 
3 2 
J J 
4 2 
5 5 
3 5 
3 4 
I 4 
3 3 
I 6 
3 3 
3 2 

STOP AT 10 
> 

In Qeneral, the expressionJ 

RND( A, B) 

is a random inteqer between ~ and B. inclusive. A and B may be 
alaebralc exore~slons. ~imole varlabl~s or con~tants. RNO may be 
used wherever a variahle ~ay be used. 

Rnndom numbers are wloely userJ to test nroQrarns. and to do Monte C;:trlo 
method solutions to problems. Many Qam~s use 8 random numb~r aenera­
tor. 
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lA REM GUESS THE NUMBER GAME 
20 X=QND (l,l00)'REM X IS THE SECRET NUMBER FROM I TO 100 
3A PRINT"".PRINT ~WHAT IS YOUR GUESS~, 
40 INPUT G.REM G .WILL BF. THE GUESS 
5()J IF G<X THEN PRINT ·"YOUR GUESS IS TOO SMAUII 
60 IF G->X THEN PRINT ·YOUR GUESS IS TOO BIG" 
70 IG G=X THEN GO TO 90 
80 GO TO 30'REM NOT A CORRECT GUESS, GET NEXT GUESS 
9~ PRINT nyou WIN. LETIS PLAY 4GAIN.M 

100 GO TO~'REM GET A NEW SECRET NUMBER 

>RUN 

WHAT IS YOUR GUESS? 50 
YOUR GUESS IS TOO BIG 

WHAT IS YOUR GUESS? 25 
YOUR GUESS IS TOD BIG 

WHAT IS YOUR GUESS? 12 
YOUR GUESS IS TOO SMALL 

WHAT IS YOUR GUESS? 18 
YOUR GUESS IS TOO SMALL 

WHAT IS YOUR GUESS? 24 
YOU WIN. LETIS PLAY AGAIN. 

And so on ••• 

6.5 Exerc i se 

Rewrite Line '7", to combine the functions of Lines 7'" and 80 makinq the 
nrOQram onp, ~tAtemp.nt c;horter. 

Answers are in Aooendix A 
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CHAPTER 7 
7 • I P'TOQ ram Loops 

This section of the o'rimer deals with Proara"l Looos. The followinq 
oroQram causes NSC Tiny BASIC to orint out the first ten positive 
intp.Qers anrl thp. sauares of those inteQers. While not exactly 
intriQuinq in its mathematical subtlety, -it helps point out a few 
u!=;eful techn lauec:; In oroqrammlno. 

The following is an examole of a "cumbersome way to achipve the resul ts 
rl p. 5 C r i be d a bo v e·& 

>PRINT 1 
I 

>PR INT 1 *1 
1 

>PRINT 2 
2 

>PRINT 3 
3 

>PRINT 3*3 
9 

And so on until ••• 

>PRINT I()J '0 . 
>PR INT 10*1'" 

100 

> 

The toregoinq would Qet· the resul ts. interspersed wi th PRINT state­
mp.nts' or, a oroQram could be written R~ follows. 

J0 REM P~INT THE FIRST TEN NUMBERS AND THEIR SQUARES 
2~ PRINT 1 
30 PRINT 1*' 
4~ PRINT 2 
50 PRINT 2.2 
601 PRINT 3 
7~ PRINT 3*3 
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And 50 on until ••• 

"180 pRINT 9 
19~ PRINT 9*9 
2~0 JJRINT 10 
210 PRINT IOJ*10 

RUN the proqram' the followinQ is what your .RUN 5hould look like' 

>RUN 
1 
1 
2 
4 
3 
9 

Anrl so on until 
9 
81 
I~ 

1m" 

> 

~ot a very readable chart, is it? Results that are hard to read or 
int~rnret decre.:t~e the value of the outout. The answer must be 
communicated to those who need the results. By usinQ a com~a to keeo 
th~ t1umhp.r anri i t~ ~QtJnrp on the SR!J1e line. Ann by uc;lnq ~ PR INT 
statement you Ci=tn wri t-e A much irnoroved oroqra"l. -

Note, in the followino. the-use of A com~a in PRINT statements to 
~eOAratp, the number anrl the number ~auarerll 

10 REM TA~LF OF NUM8ERS AND THEIR SQUARES 
2~ PRINT ~ N N SOU~RED " 
30 fJqINT 1,1*1 
401 PRINT 2.;>*2 
5~ PRINT 3,3*3 
6~ P~INT 4.4*4 
7VJ PRINT 5.5*5 
R~ PRINT 6,6*6 
90 PQINT 1,7*7 
1 0(11 PR INT R, A*R 
110 PRINT 9,9*Q 
120 PRINT 1~, 10*IOJ 

I f YOU c;tore thp. above nroQra", In the I NS8eJ13·' ~ rn emo ry Ann RUN it. 
the results would be' 
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>RUN 

> 

N N SQU~RED 
I I 
2 4 
3 9 
4 1.6 
5 25 
636 
7 49 
8 64 
9 81 
1~ 1010 

The above proQram is much easi3T to read than the, first two oresented 
In tM~ chapter,o~r~~Each number' is printed side by side cW'l~h its sg,l!.,a~e 
in tJ:le order tbEiy·aooear in'>"the PRINT statement. "For examole' 

The statement, PRINT 7,7*7 

Causes NSC Tiny BASIC to orint, 7 49 

You now have enouqh tool~ to write a very short oroQram to print 
numbers and their squares. Th9 idea is to write short oroarams that do 
a lot of work. Read the followina oroar~m. and then try it on your 
computer. Type in all of the REMarks as they will helo to exolain what 
is haopeninQ. Remember, REMarks are for peoole' the computer c;imoly 
ignores them. 

1(It RFM A PROGRAM TO PRINT SUCCESSIVE INTEGERS AND THEIR SQUARES 

15 REM PRINT A HF.ADING 

J 7 PRINT .N I I SQUARF.[)I' 

2()t REM USE A VARIARLE. I. TO HOLD THE VALUE OF THE NUMBER 

30 REM TO SF SQUARED. START THE VALUE AT ONE 

4()t 1=1 

50 REM 'NOW THAT I HAS A VALUE, PRINT IT AND ITS SQUARE 

60 PRINT I. 1*1 

7~ REM AnD ONE TO THE V~LUF OF I, TO CREATE THE NEXT LARGER 

80 REM 

90 REM 

I 00 1= 1+ J 

INTEGER, SO THAT IT AND ITS SQUARE CAN BE PRINTED 

UP IN LINE 6()J 

11~ REM NOW THAT THF V~LUE OF I IS ONE L~RGF.R. GO TO LINE 60 

120 GO TO 60 
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Atter yah underc;tanrf how it works, type in the oroQram (or at least 
this abbreviaterf form) without the REMarks. 

Trv the following short form of the orogram on your INSR~731 

11 PRINT" I I SQUAREDM 
40 1=1 
6~ PRINT 1,1*1 
100 1-=1+1 
120 GO TO 60 

Do you see what 1 S QoinQ to happen? Did you rem~mber to c I ear out any 
old oroQram with NEW? 

Do you have ~}1e program ,(,lqured out&'lf not, 'follow the arrow,sl 

>RUt-J , 
17 PRINT II I ISQUARFO.n , 
40 I;' , 
60 PriINT , 
10~ 1=1-+1 , 
12(1) GO TO 60 

7.2 EXercises 

Lines 11 and 40 are done once. 

Lines 60, 100 and 120 are Din the 
'I OOO·'ll. Th ey are repea ted aga i n 
And AQain ••• (until you oress the 
BREA.K key). 

1. I f Line 11 is changed to read 11 PRINT U N N SQUARED" how would 
this change the results? 

2. When you RUN the oroaram, does NSC Tiny BASIC automAtically c;too 
after printinq the first ten oositive integers and their squares? 

3. What i5 the larQest value of I for which the oroera", will aivp the 
co rrec t answers? 

Answers are in Aopendix A 

1.3 I F Loops 

the orogram noes not satisfy the initiAl requirements, that Is, to 
orint the squares of the first ten oositive integers. Agreed, it do~s 
nrint the ten po~itivp. integers anrl their sQuRre5' but then it ,ust 
keeos on Qoinq. You want it to stoo automaticRlly after printinq I~ 
~nrl J~ sQuare1. The IF ~tatement will helo you to achieve your goal. 
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Instead of 120 GO TO 60 

Use 12~ IF I < 11 GO TO 60 

11 PRINT" I I SQU~REDa 
40 1=1 
6~ PRINT 1,1*1 

10(21 1=1+1 
12~ IF 1<11 GO TO 6~ 

The IF statementCL1ne 120) CAn be read. "It I 15 less than eleven 
th'en GO TO L1.ne 60~lI Not stated, but implied, Is that if I is not ,less 
than 11, in partlctJla..J"~'lf it is 11 or more, then DO NOT GO to Line 6VJ, 
but justJI9:;on to thel'{,'next line. ,;"There is no n,ext I ine, sa_:!"~the oroQritrn 
will s>tO.~~. ' 

To make the oroqram more comolete, Ad~ the STOP statement. This 
statement. when executed, stoos the oroQram. Of course, as you have 
seen, the oroqraf'l stoos if there is nothlnQ else to rio. Occasionally 
it is necessary to deliberately stoo a oroqra~. It is also useful to 
out A STOP sta tement at the p.nrl of a oroorArn Jllst to mark the end of 
that proqram. A.dd a STOP statement to the enrf of the orogram to 
compute squares. 

11 PRINT U I I SaUAREDn 
40 PRINT 1=1 
60 PRINT 1,1*1 

.100 1=1 + J 
12A IF 1<11 GO TO 6~ 
999 STO.P 44t-------------The STOP statement. 

~ny line number from 12J to 32761 could have been used for the STOP 
statement, 999 was arbitrarily chosen. It is often use~ to save the 
oroQrammer·'s havinQ to retyoe' the entire "'STOpu st8t~ment if he wants 
to add to the bottom of the exlstina orooram. The followlno 1s a RUN 
of the Above orooram. 

>RUN 

I I SQUARED 
I 1 
2 4 
3 9 
4 16 
5 25 
6 36 
7 49 
8 64 
9 AI 

10 1 ~ 
STOP At 999 

NSC Tiny BASIC comouterf and orinted I and 1 sQuarerl 
for 1=1, 2, 3 ••• 10 ann then stopoed automatically. 
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1 .4 Ex e rc 1 s e s 

I • What will haooen if you chanoe Line 120 to 12'" I F I < = 10 GO TO .6(1) 
and RUN the proQram aaain? (Try it on your system.) 

2. What will haooen If you chanae Line 12Q9 to 12'" I F I < 11 GO TO 60 
and RUN the oroqr8M nOB in? 

.3. What will haooen If you mistyoe Line 120 as 12A IF 1 < I I GO TO 
4'" and ran the 0 roo rafTl aQa 1 n? 

4. What would be the results of RUNninQ thp. followlno oroqram? 

10 1=1 
2~ PRINT I. 1*1 'l=f~i. I F 1<11 GO' TO 2'" 

.99 STOP . 

For answers, see Appendix A 

1.5 FOR NEXT Loops 

When a nroqram contains a statement that is ex~cuterl more than once. 
then that proQram contains a LOOP. Nearly all the oroorams in this 
book contains looos. In fact, it is the loop that makes orooram.mina 
so powerful. If each statement could only be used once •. then oro­
qrammina would be excPAdinoly tedious. As has been seen, oroorammers 
tend to write statements that can be used reoeatp,dly rather than only 
once. 

The very simple loop. 

1~ PRINT 4 
20 GO TO J eJ 

will run and print 4~s indefinitely. Most looos have some facility for 
endina aracefully. What does the followino nrooram do? 

10 I=~ 
2'" 1;1-+1 
30 PRINT It 
4~ IF I < I'" THEN au TO 2~ 

The followlno oroQrem does the same thinQt 

10 1=1 
20 PRINT It 
30 1=1+1 
40 IF I < 11 THEN GO TO 20 
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LOODS are 50 comnon that NSC Tiny BASIC provides a shorthand for 
writino them. The next oroqram does exactly the same thino as the 
orevious two' 

10 FOR 1=1 TO J~ STEP ']-
20f PRINT I, -Thl sis a FOR NEXT 1000. 
30 NEXT I 

RUN the FOR NEXT 100pI 

>RUN 
1 2 3 4 5 6 7 8 9 10 

> 
The FOR NEXT 1000 caused NSC Tiny 
BASIC to print values of I for. 

I eQual s one· (1) to 
, .1f.;:iY ......• 

;4L ~eoua 1 5 te.n;· ( I (iJ) 
1. 't-.lI t' 

i~::!?t~e·os. or I Qcrements. 6f one. 

Thp. nu~ber5 QO acros~ the OROP. instead of down because the PRINT 
statement ends with a semlcnlon (I)~ Try the OTOQram with a PRINT 
statement that doesn~t end with a semicolon and you will Qet the 
tollowlnql 

>RUN 
1 
2 
3 
4 
5 
6 
1 
8 
9 
1'" 

> 

The FOR statement sets up the 1000. It soeclties whAt toe variable 
(often called the control var.iAhle for the 1000) is to hRve for its 
initial value, then the final value and finally how much it is to be 
incremented p.ach time throuqh the 1000. 

Thp. NEXT st6tement is the bottom of the loop, and says to find the next 
value of the control variable and continue execution at the statement 
immediately AFTER the corrp.500nrlinq FOR statement. if the control 
variable has not yet passed the final value. 

To orint the orld number~ fro~ 1 to 1~ (obviously I~ itself will not be 
one of them) the followinq 1000 could be used. 

1~ FOR I=1 TO I~ STEP 2 
2t7J PRINT I~ Se'Ttfcolon causec; number5 to be orinted 
3~ NEXT I across the line. 

3 5 7 9 ~NSC Tiny RASle is STEPoinq by 2. 
> 
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The step ~lze can be neQatlvel 

10 FOR 1=56 TO 42 STEP -3 
20 PRINT I. 
30 NEXT I 

Bafore runninq this oroaram. fioure what its outout should be. The 
rule iSI the FOR NEXT 1000 always starts exactly at the first value, 
and will not 00 beyond the second. Each time throuoh the 1000 the STEP 
is added to the index. In these simple oroorams the variable I has 
bean the index. (Of cour~e. if the ~STEP i~ neqative, a~rlinQ it to the 
index m~ke5 the index smaller.) 

The lAst nrooram print~1 

56 53 50 47 44 

You don·'t always have to use I. You can use any variable in a FOR 
'statement as 10nq as you use the sa~e variable in the corresoondino 
NEXT statement. 

10 FUR K=1 TO 3 STEP , 
29J'P R I NT "HIP HIP HOOR 4 y ... 
3"-1 NF:XT K 

>RUN 
HIP HIP HOORAY 
HIP HIP HOORAY 
HIP HIP HOORAY 

> 

If the STEP size is one. the STEP clause can be omitterl. 

I ~ FOR ~=0 TO 7 
20 PRINT ", 
30 NEXT A 

>RUN 
01234567 

> 

The FOR NEXT 1000 makes it easy to run oft tables. such as the table 
of I and I SQUARED. 

10 PRINT" I I SQUARE~I 
20 FOR 1= I TO 5 -------Since STEP «;17.e is 1. i tJs omi t ted. 
3'" P R I NT I. I * I 
40 NEXT I 
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>RUN 
I I SQUARED 
1 1 To get a table for 1-1. 2. 3 ••••• I ~. 
2 4 chanqe Line 20 to. 20 FOR 1=1 TO .0 
3 9 
4 16 To get a table runninQ fron lQt0 to 12~ 
5 25 chanQ~ Line ~ to~ 20 FOR 1=100 TO 

> 

ArfditionRlly. the startinq and endina values can be va riab 1 es 
I. 

or 
expressions. 

1~ A=I 
~OJ 8=5 

Here are two 

3()J FOR X=A TO B 
4'" P R I NT '. X • 
50 NEXT X 

>RUN 
I 2 3 4 5 

examoles. 

IA L-2 
2", U=3 . 
30 .EOR S=L*L Te U·*lJ 
f0'~:;~~iiiINT S,. 
150 NEXT S 

>RUH 
45618 9 

ThP, STEP can also be a variable or an p.xpression t 

ICIt 4=1 
2~ 8=13 
30 C=2 
4(iJ Fo.R X=A TO B STEP C 
5~ PRINT X, 
6A NEXT X 

>RUN 
1 3 5 7 9 IJ ~3 

> 

120 

Althouqh the apolications may not be readily aooarant. FUR NEXT 10005 
may be "nestedM uo to four levels. This means that you CAn have four 
layers of loops within looos. An examole of this is shown below. The 
loons interAct to nrlnt the numbers 0 to 99 in a square arid. 

10· REM SQUARE MATRIX GRID. NUMBERS I TO 9 ARE PRINTED 
2~ REM ACROSS THF PAGE. THEN A CARRIAGE RETURN. 
3~ REM THEN NUMBERS 10 TO 19 ETC. 
4~ FOR I=~ TO 9~ STEP lQt.REM TENS LOOP 
5~ FOR J=0 TO 9tRF.M UNITS LOOP 
6~ PRINT I + J,'REM PQINT ACROSS P~GE 
70 NEXTJIREM END OF ·"INNERJ· LOOP 
8~ PRINTIREM CARRI~GE RETURN 
9~ NEXT IIREM ~ND OF OUTER LOOP 
999 STOP . 
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>RUN 

0 1 2 3 .4 5 6 7 8 9 
10 1 I 12 13 14 15 16 17 lA 19 
20 21 22 23 24 ;?5 26 21 28 29 
30 31 3'- 33 34 35 36 37 38 3A 
40 41 4' 43 44 45 46 47 48 49 
5~ 51 52 53 54 55 56 57 5A 59 
6~ 61 62 63 64 65 66 67 6A 69 
7fl1 71 72 73 .. 74 75 76 • 77 78 79 
8Ci} 8t 82 83 R4 85 86 A7 AS 89 
90 91 92 93 94 95 96 97 9A 99 

> 

Loons cannot c ro sS~'lfch other f6" obvious reasons' therefore, if vot}' 
wri tel 

10 FOR 1=1 TO I~ 
20 FOR J= 1 TO Ie;, 
30 NEXT I 
4~ NEXT J 

you will Qet a FOR NEXT error m~ssaQe (ERROR I~) upon execution of 
Line 3". 

7.6 Exercises 

For each oroQram. first fiQure out what you think NSC Tiny BASIC will 
do, then RUN the orogram and verify your thinkino. 

1 • 10 S=9t 
20 FOR K=I TO 5 
30 S=S+K 
40 PRINT K,S 
5Ql NEXT K 

3. J '" S-~ 
20 FOR K= 1 TO 5 
,30 S=S+K 
40 NEXT K 
50 PRINT 5 

2 • 1 C'J P= 1 
20 FOR K= 1 TO 5 
3Ci1 P=P*K 
40 PRINT K,P 
5(;7 NF.XT K 

4. J~ 0=1 
2'" FOR K= 1 TO 5 
30 P=P*K 
40 NEXT K 
50 PRINT P 

Each of the following oroorams reQuires Rn INPUT value for the 
variable, N.· For the values outQuess NSC Tinv RASIC then verify 
your results. 

5. I~ INPUT N 6. IOJ INPUT N 
2ftJ S=(IJ 2A P=I 
3CiJ FOR K= 1 TO N ~ FOR K=I TO N 
40 S=S+K 40 P=P*K 
50 NEXT K 5C'J NEXT K 
60 PRINT N,S 60 PRINT N,P 

Try it for N=7 Try 1t for N=7 and N=9 
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7. W~it~ a ~hort nroQram to comoute and print the value of. 

222 2 
I ~ 2 + 3 + ••• + N 

for an INPUT value of N. 

>RUN 

> 

N=? 5 
SUMSQUARED I: 55 

1.7 The DO Statement 

Answers ere in Apoendix A 

Thi~ is a 5imole state'Ylent that instructs .NSC""tfny BASIC to DO a 
function UNTIL another condition .ls met. It has only one form. 

>340 DO 

Nothina ever comes after the word 1100·, somewhere later on in the 
orogram there is a statement UNTIL, for examole. 

>5"'~ UNTIL (!;o'ne a ri thmp.tic instruction aoe5 here) 

The line number~ are only examoles. The UNTIL ~tatement acts just 
like a GO TO which causes execution to proceed trom the 00 state­
ment - whenever the value of the arithmetic expres~ion eouals zero. 
The tollowinq program' 

>101 DO 
>20 PRINT '"HELLO­
>25 N-, 
>30 UNTIL N-9 

nrlnts the word HELLO over and over until you stoo the oroQram. 

If instead, you had said' 

>10 N-=5 
>2'" DO 
>30 PRINT -THIS ONE STOPS SOON~ 
>4t7J N=N-l 
>5~ UNTIL N·=0 

the messaQe Is orinten out five times. It is interestino to try this 
proQram with Line 3'" chanQen to PRINT N. To understann how it works 
you must remember that an exoressio~ such 8S N=0 has a numerical value. 
It is ~ as 10no a!; it 15 faI5p.. Thu~. when N is not zero it is false 
to say that N=~. So the expression N=~ has the numerical value 0. 
The UNTIL Acts like a GO TO hack to Line 2~, but when N is indeed zero 
then the exoression N=0 1s trup.. When an exoresslon is true its value 
is not zero, but -I. So the UNTIL doec; not act 11 ke a GO TO and the 
orogram ends. 
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NSC Tl~y BASIC uses the notation. 

X=6 

in two different ways~ If it is a st~tement. where the X is the first 
i tern on the line it means D let the value of X be 6J• but 1 f the notation 
X=6 is useo as oart of an exoression - that Is. not as the first item 
on the line - then It means "see If X i5 equal to six fl and if X is 
~qual to six then the whole exoression (X=6) takes on the value -I. 
This is similar to the test in an IF statement. 

i. 

The converse of this is also usabie. that is, A nO ••• UNTIL 1000 can 
terminate in any of the followlnQ with the same effect. 

UNTIL K=N 
UNTIL K-N=" 
UNTIL "=K-N 

. UNTIL K-N (which automatically has a value of zero allowing 
the 1000 to be terminated) 

For reasons of clarIty, only the first and third examoles should be 
used. In the followinq. 

>10 0=3 
>2CiJ G=G=3 
>3(!J PRINT G 

(would be a very confusing thing to wri te and not at a II. recommended) 
the value -1 would be nrinted, AS Line 2~ would make the value of G 
equal to <G-3) which is true, and thus has the value -1. 

For the mo~t cart, the a~biquity ~entioned can be safely ignored. 
and the UNTIL statement taken at -face value"" where you know that the 
loop will be done over and over aqain until the indicated condition is 
satisfied. The pair of statements' 

DO 
• 
• 
• 
U NT ILK > ( N/2 ) 

will execute whatever is between them until it hapoen~ that K 1~ areat­
er than half of N. (Remember that NSC Tinv BA.SIC only does inteoer 
Rrithmetic so th~t N/2 means the inteQer nart only, any remainder or 
fractional oart is ignored.) DO UNTIL loaDs, like FOR NEXT 1000s, can 
be ne~ted. but where FOR NEXT loons can 00 four deen, (tour layers of 
of 10005) DO UNTIL is allowed eiqht levels of nestinQ. 

7.8 Powers Of Two 

The following are three orograms to compute and orint the Dowers of 2 
from 1 to 64. inclu~ive. 
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P roa r~", n lJ",bp- r onp. llse ~ a n I F 1000. 

100 REMARK POWERS OF TWO, PROGRAM ONE 
11 ~ p= 1 
1 20 PR INT P, 
130t P=2*P 
14~ IF P<-64 GO TO 1/~ 

999 STOP 

PrOQTA'l't number two usee; a FOR NEXT 1000. 

~ 

1~0 REMARK POWERS OF TWO, PROGRAM TWO 
11 ~ p= I 
I ~ FOR K =" TO 6 
1 301 P R I NT p, 
140 P=2*P 
15~ NEXT K 
999 STOP 

Proqram number three uses a 00 UNTIL 1000. 

1~~ RFMARK POWERS OF TWO, PROGRAM THREE 
~·11 OJ P= I 
1'-0 DO 
.1 3'" P R I NT P. 
140 P=2*P 
15m UNTIL P>64 - - - C41so try UNTIL P=128 here.) 
999 STOP 

These three oroqrams oroduce exactly the same results. If you enter 
Any of the above nnd tyoe RUN, here is whAt hAnoen~1 

>RUN 
1 2 4 8 16 32 64 

> 

Try to modify each DrOqram to oet Dowers of 2 from 1 to 128. Then rio 
it backwaros, oet oowers of two from 64 to I. 

IF LOOD 

1 ~0' RF't{ARK POWERS OF TWO. PROGRAM FOUR 
110 P=64 
1:.?'" PR INT P, 
.130 P=P/2 
14~ IF P<I GO TOI2'" 
9Q9 STOP 

FOR NF:XT Looo 

1~~ REMARK POWERS OF TWO. PROGRAM FIVE 
II'" P=64 
1?0 FOH K=6 TO 0. STEP -I ----(or fOR K=~ TO 6) 
13(11 pQINT P; 
14'" P=P/? 
150 NEXT K 
999 STOP 
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DO UNTIL Looo 

1~ REMARK POWERS OF TWO, PROGRAM SIX 
110 P=64 
120 DO 
I 39t PRINT P. 
14~ P=P/2 
15~ UNTIL P<1 ----(~lso try UNTIL P=~ here) 
999 STOP 

The three programs all produce the same results. 

>RUN 
64 32 16 8 4 2 

> 

Modify eRch oroQram ~o that NSC Tiny' A~SIC tyoes powers of 2 from 128 
to I. 
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CHAPTERS 
8. I Subrout ines 

A5 you learn to oroQrAm, you will find that your prooram~ will in­
crease in size until they become un~anaaeable. When that haooens. 
1 t's time to br~ak the", up into functionAl bloctr~. Often. you will 
find that some of those functional blocks Are used in several olacp.5 
in your nrOQrA~. R~ther than repeAt them AACh ti~e. a "~ubroutineft 
can be used. A subroutine is just A section of NSC Tiny BASIC 
statements pprformina some ooerat .. ion requirerJ at more thAn onp. plAcp. it') 
tne oroQram. The GOSUR statement is used to trAnsf~r control to the 
~lJbroutir'le anti th~ RFTURN stA temen t i Co) u~ed to r~ turn con t rol to the 

.place where the subroutine was called. 

rt At; wi th FOtt~'·-Anrl NEXT. And thp. no anti UNTIL ~tate!fents. G05UChd 
RF.TU~N ,ilt:~,~'fa PAir thAt are always tooether. The statementJ-

1'5 GOSUR 9J0 

acts exactly like the ~tatemp,ntl 

1?5 GO TO 9 1 '" 

exceot that the computer remembers the line number (in this CAC;P' 12~) 
of the statement thAt made it 00 to Line 910, so that after the sub­
routine is fin ishen thp. COl"lDuter can re5ume where it left off. For 
examol e, when the orOQrAm ex~c utes a RETURN sta tement I 

32VJ RETURN 

the computer knows to jumo hACk to the statement imm~diatp.Iv after 
Line 125 - wherever it is. 

The followino i~ A short orooram to de~onstrate the use of the GOSUA 
and RFTURN statements. Try it on your INSA~13. 

IOJ()t N=1 
1~5 GOSUB 2~ 
11 ()J N=;> 
II'S GOSUR '-'*' 
12tiJ N=3 
I 25 GOSUA 200 
130 N:4 
135 GOSUR 200 
1401 N=? 
145 GOSUR ~OO 
ISCi) N=3 
155 GOSlJR 200 
16tiJ FND 

Ma i n i>roQ rarn 

200 PRINT JlTHIS IS NUMBER n.N:J--------Subroutine 
'-1 ~ RETUHN 
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.lUN the above proqram. the results shoul~ look like this' 

>RUN 

THIS IS NUMBER I 
THIS IS NUMBER 2 
THIS IS NUMBER 3 
THIS IS NUMBER 4 
THIS IS NUMAER 5 
THIS IS NUMBER 6 

> 

The statement. , J ~ GOSUR 200 

tells ~C Tiny BASIC' 

The 5 ta tement. 

tells NSC Tiny RASIC' 

GO TO line 21~' but remen'tber that YO;\k. 
came from Line 11"' •. When you come.;·l.:'tp..!~ 
R F.TU RN s ta t e'll e nt, r e tu rn to th e 1 f'n e . 
next after Line 11~ (which is Line 115). 

I;>~ GOS UR 2 r;,0 

GO TO Line ,~~, but remember that you 
came from Line 1~. When you come to a 
RETURN statp,',u~nt. rp.turn to the lin~ 
next atter Line 1/0. 

The rest of the GOSUBs on~rAte in R similr.r fA5hion. GOSUS, when 
used orooerly, CAn elimin8te the terlium of havino to retype A M)utine 
wherever it !'nay be used in a larqe oroqram. Subroutines may ·cAll other 
subroutines, this is c~llerl nestina and may look like thi~' 

I~ 1=12 
20 GOSUB 2~0 
30 1=5 
40J GOSUA ?~V' 
50 A=2 
6'" fs=3 
70 GOSUB 30A 
8~ STOP 
90 REM E~D OF MAIN PROGRAM 

2~~ REM SUBROUTINF TO COMPUTE NU¥.RFR OF ST~RS TO PRINT 
210 8=1 
~2OJ A=I-? 
23'" GOSU8 300 
24~ RETURNaREM RETURN TO MAIN PROGRAM 

30'" REM SUBROUTINE PRINTS R-A STARS 
431 ~ toR J= 1 TO R-A 
320 PRINT "*'" 
3301 NEXT J 
340 PRINT' REM PRINT A CARRIAGE RETURN 
350' RETURN 

1-78 



Notice that sometimes the subroutine at location 300 is c~llp.rl hy the 
~ubroutln~ at location 2~, and it is called once by the main oroar~m. 
Whomever calls that ~ubroutine 15 wherp. thp- nroQra~ returns on a 
RETURN statement. 

Subroutines may be ne5terl uo to eiQht deen. 

R.2 LINK Instruction 

The LINK instruction allows YOU to transfer control from an NSC Tinv 
RASIC nrooram to an INS8~73 AC)sembly (machine) lanouaqe c;uhroutine. 

SUPDose Aill counter ~as oiven you An Assembly lanquaoe ~ubroutine tha~ 
1 s perfect for countinQ wirloetc:;. You cOtlln convert Bi 11' c:; oroqra'Tl to 
NSC Tiny BASIC, but since V.:<)ilLtdon·'t unrle ..... fst;inrl 8111·'.5 syc;t~rn for 
cQuntinQ the widoets, and sinc~ BillJ~ system works, ~ndsince asse~blv 
lanotr30e runs fAster than NSf; Tiny HASle. P-tc •• all you hav~ to rio Ie; 
use the LINK instruction to tr~nsfer control from your NSC Tinv RASIC 
nroor~"" to An A~SP!Tlbly lanouAQp. suhrofltinp. 

A 5 tat em en t 5 uc hAS I 

>lOJ LINK #'R0~ 

CAuses transfer control to the routine that starts at adriress location 
hexadecimAl 1800. There is A RET instruction at the enrl of the routin~ 
that returns you to your NSC Tiny BASIC oroQram. RET is an Assembly 
lanQ'Jaae instruction thAt act!; like the NSC Tinv B~SIC RETURN 
instruction; it returns you to the line nu~her followinQ Line 10 (the 
LINK c;tate"lent). 

FxafT101e t 

>10 LINK IIR"0 
>2fiJ IF A=(IJ THFN 
>30 IF A=J THFN 
>99 STOP 
>RUN 
SF-NSF. A IS HIGH 

STOP AT 99 
>RUN 
SF.NSF A IS LOW 

STOP AT 99 

.4~-----------------------NSC Tiny BASIC trans-
PR .IISENSE 4 IS LOW.l'1 fers to address # 1 ~fil0 
PR J'SENSE A IS HIGH'" to read sp.nsor. 

--ProQram tran5f~rs back 
to NSC Tiny BASIC 

1 .TITLE SFNSF A5c;~bl v Lanqu8Qp. 

=' OJ (if CIt'" .=~18~'" ,HEXA.DECIMAL II 
,. 

3 I R f(J{Ij 06 LO A,S .. , ... 
4 lROII 041~ ~ND *,.=16 ·11 II 

5 tROt) 6C02 RZ LOW .11 II 

6 IA~5 C4Qtl LO ",=1 .. If 

7 1801 CAVJVl ST A,0,P? " " 
R lA"'9 5C RET4-(This oets you hack) u II 

9 C?t~(i't91 • END J • .. 
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~.3 DELAY 

Often, ~ oroqram needs to give itself A oause to allow some external 
ev~nt to occur, or tu~t to let you think for a moment. 

For example, take the case where you have written a routine to rinQ 
the bell when your results Are hack frOM another nrooram. If the oro­
qram is a lono onp" YOll can qo talk on the teleohone until it Is fln­
isherl and you can heAr the bell ~inQlno. If the nroQr~rn is ended in a 
100PI 

9R~ PRINT "CNTRL GM,.RFM RING BELL 
99CIJ GO TO 98~' R EM DO IT AGA lNi 

the ~erminal will continue to rino the bell, or the TTY will sound like 
an alarm clock, until you oet away from the 'ohone and stop the oro­
gram. 

~ better way to handle this situation is to waste some time before the 
bell Is runo aQAin. M~nv nroqrams do this with loons thAt waste timet 

QR~ PRINT "CTRL Gil t.REM RING RELL 
990f FOR 1=1 TO 1 OJOt~. NEXT I t REM WASTE T I ME 
1000 GO TO 9A0tRF.M RING RELl AGAIN 

unfortunately. this kind of time wastlno is not orecise and the nu~her 
of tifT'ec; you 00 throuoh the 1000 must be worked out bv trial am error. 

NSC Tiny RASIC hac; an inherently ~ore oreci~e ~ethod of Qeneratina time 
ip.lays. This method 15 the use of the nELAY instruction, which can 
5tOD the nrOC~~50rs on~rAt10n for I to 1~4~ ti~e unlt~. It your INS 
~~73 is clockerl bv a precise 4 MHz timehase, these time units will b~ 
~Xnct millispconrl~. The eXAmn!e 5y~tem in Section 3 of this manUAl 
uses such R cryc;tRI. 

If you wanted your enri-of-OroQrAm bell to rina only once oer second, 
n~ A oe~tle remlnrler for you to qo to thp. syst~~. all you np.eri do i5 
to chanoe the initial eXAmole oroqram t 

9A0 PRINT "CTRL GIt,IREM RING THE RELL 
9A5 DF.LAY 1~00IRFM WAIT ONE SECOND 
090 GO TO 9A~IREN. DO IT AG~IN 

Notice that the number (or exorp.5c;ion) that follows a DFLAY instruction 
Is equal to the number of milliseconds requirerl. If, however. yOU tvoe 
"DF.LAY QJft th~ microinternreter will defaul t to the larae5t possible rle­
lAY of J040 milliseconds. 
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8.4 The ON Statement 

So~p.time~ a nroQram can't re~nonrl Quickly enouQh to a stimulus throuqh 
normal program operatldn. For examole, take 8 system which must count 
widoets while cAlclJlatina Pi to a million rleclmal O!Aces. The calcu­
lation of Pi will obviously take the "s~Artesth comouter hours of cal­
culations of Taylor 5eries oolvno~ials. The w1rlqet~ are oA~sina bv on 
A conveyer belt at the rAte of three oer minute. Should the OrOQrA~ to 
ci=\IcuIAt~ Pi ti=\k~ a oee)r rlurlna every c;tRq~ of itc; c~lculation~ ,uc;t to 
look for A widoet? The obvious answer is no as this woulrl waste too 
much ti",~' and the hours-Iona oroara"" mlQht end up ~,akinq R week to 
exec ute. ' 

The INTERRUPT CAn break into a proqram, oerform some time intensive 
function, then allow normRl:"oo~ration to continue without Any inter-

\ .'!\'- , " 

terence with the main or6qrarrt. An interruot ooerat€~ the snme.~way '{OU 

would if yOU"were readinQ a book and th~'ohone ra.nQ. First iV-oil'd 
save your olac e in the book, then you,'d ta lk on the "ohone unti I your 
bU5'inec;s was done, then you woulrl hAn'l un. anrl 00 back to your book to 
the place where you left off. 

The INSA~73 hanrllec:; interrupts with the ON statement. When you Sftyl 

"'110 ON 1 250 

you're sayino, nlf somethinq (wldQet detector) outs a 0 on inout SENSA.I 
INTA on the INSA~73, act 11k~ you firc:;t encountererl R GOSUR ?5~n. 

There are two inouts on th~ INSA073, INTA and INTB. Corresnonrlinqlv, 
there Are two ON statements, ONI And ON2. Unfortunately, the INTA in­
nut is rtlso uc;erl for c:;erlal innut for the RS-?32 or TIV ter'TIin~l. Thic; 
Means that the ON stRtement cAn~t be used if vou want to use rt terminAl 
wi th an NSC Tiny B~SIC syste"l. The ON instrlJc tion is, however. verv 
useful in a ROM-baseri direct executinq system. 

~n interrupt may be disabled at any time by executlnq the commanda 

ON 1 (II 

which acts only on INTA. This can be used to out the microint~rpreter 
into ~ "'Don't bother me, I'm busy" state. 

Th~ followina is A oroaram th~t countc; how much time hAS p,lanc;ed until 
an interruot occurs, and, how many times it hRS been int~rruotedt 

10 RFM TURN ON INT8 
2~ ON 2 ;J~ 
30 A=A+ltREM HOW LONG SINCE LAST INTERRUPT? 
4~ GO TO 30tREM KEEP COUNTING 
5~ REM END OF MAIN PRQGRAM 
2~~ RFM START OF INT~RRUPT ROUTINF 
210 REM A "GOSUR" TO THIS LOCATION IS GENERATED 
22~ REM BY A HIGH TO LO~ THANSITION ON INTB 
230 A=A'RFM STORF TIMF. RETWFEN INTERRUPTS 
24~ C=C+l:R~M COUNT HOW M~NY INTERRUPTS HAVE OCCURHEO. 
~5~ A=0tREM INITIALIZF. THE COUNTER 
~6~ RF.TURNIR~M K~F~ WA.TCHING THE TIME 
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AlthouQH this proqram hAS no oractical annlicatlon, it ~houlrl show you 
how to use the ON statement well enouQh to enliohten YOU about the 
hRSic!-; of interrunts. 

~.5 The STAT Function 

There is a function in NSC Tiny B~SIC which allows you to ooerate 
directly on the Statu~ RpQi~ter of the CPU. Thp. ~tAtu~ reQister can bp 
loaded. or examined, throuQh the use of the ST~T function. Thl~ is 
8110ther way of ~~ ttino t.h~ interrunt enAhl-=! bi t~ on thp nrocessor, al­
though it does not allow the assiqn~~nt of a line num~p.r for the inter­
runt service routine. Thereforp., the STAT function ie; not recommended 
tor i nterruot servic i no. 

The bi ts -of the Status HeQl~ter ~re defined 85 follow5' 

BIF NUMBER 

7 
6 
5 
4 
.1-
2 
I 
(It 

FUNCTION 

C4RRY ) Not recommended for use 
OVERFLOW in NSC Tiny RASIC 
SENSE A/INTA) May be examined as sense 
SENSE R/INTB lines bv the STAT ooerator 
f1..4G 3 ) M~y be set usino th e 
FLAG 2 STAT ooerator 
Fl.AG I 
INTERRUPT 

ENA.RLE 
Not recofflmpnderl for use 
with NSC Tiny B4SIC 

The SENSE A_ aOO SENSE R lines may be use'" AS innuts and are r_eatj-onl v. 
If a serial terminal is beinQ used to orooram the microinteroreter, 
SENSE A. will already be occuoied and SFNSEB will have to be userl. 

Th~ FLAG I. 2 Ana 3 outputc:; Rre write-only • .:tnri FLAG 2 ann R..AG 1 ar~ 
used for the ReAd Rela y And QS-?32/lTY outouts resoec ti vel v. There­
fore. only F1...~G 3 ie:; AvallRble. You CAn see how they oop-rate if you 
connect ~IMolp rlp.vlce~ to on~ S~NSF innut anrl onp. FLAG outout. 

Assume that you h~ve R source of slowly chanqinQ "I-'s" and "0-'s" camino 
into SENSE B. A ~1~olp. ~witch woulrl he ~ fine examole. A.lso a~sume 
that an audio amolifier is attached to FLAG 3 50 that you mAY hpar the 
outout. With th~ followina nroorRm you CAn detect the 5witch oo~ition 
with your ears' 

1~ REM SFNSF B TO FLAG 3 PROGRAM 
/0 A=STAT ~ND #to'REM SENSE B BIT ONLY 
30 IF A>0 THFN GO TO 20tRFM SWITCH OPEN, NO SOUND 
4~ STAT=STAT OR #A.REM SET FLAG 3 
50 DELAY 5'RFM 10~ HERTS HALF WAVELENGTH 
60 STA.T=STA.T A.Nn *F7.REM CLEA.R fl.A.G-3 
70 DELAY 51GO TO 2~tREM TEST SWITCH AGAIN 

thU5. YOU CAn u~e the STAT func tion to control mi nl ma 1 110 in your 
system. 
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If you insist on usinq STAT to set the Interrupt Enable bit, be aware 
that that bit will not be set until after the end of the next in­
struction. This qivec; you some time to prp.oare. 

8.6 MultiorocessinQ, INC (X), DEC ~X) 

The INC ~nd DEC, or Increment memory location and Decre~ent me~ory 
location instructions are orovirled to fRcilitate usinQ NSC Tiny B~5IC 
in a multiorocessor environment. 

MultiprocessinQ i~ an art in itself ann is considerably beyond the 
scooe of this orimer~ If you require more information on multiorocess­
Ino, refer to the '''7t?J S~ries Micronroc~~sors, Usp.r"s Manual". 

If you are familiar with the techniques of tnul tinroces5inq with the 
INSRA7~ series of microorocessors, then you are familiar with the 
attributes of the ILO (Incre1lp.nt. And Lo~d) and OLD COecrerrtent anrf Loa·;) 
instructions. INC anrl D~C orovide the same function in NSC Tiny BASIC 
format. The instructions are non-interruptable and c~n be u5ed for 
semaphores between microorocessors. 

If you choose to lise the I~SA013 in a hu~-couoled microprocesc;or syc;t ..., 
one orec~utionnry note 15 qiven; the v~riAble RAM at location X'100~­
X'10FF must be separate for e~ch orocp,ssor on the bus. If this is not 
observed, FOR loops, subroutines, and ~vpn the VAriables ~ throuqh Z 
will beco~e hopelessly qarbled. All other extern~l memory ~ay be 
<;h::J red. 

8. 7 CLEAR 

The CLEAR statement is u5ed to lero all variables. and terminAtp. all 
oendinQ interruots and looos. This statement should be used with ex-
treme cAution RS it can terrninatp. oroaram execution. When oroperl y 
used, it can be A boon in settinq uo initial conditions within a oro-
arafT'l. 
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CHAPTER 9 

9.' Memory Orqanization 

I nord e r to use N SeT i n y BAS Ie, yo U m us t h a v e a n INS H(IJ 7 3 s y s tern wit h A 
mini~um of 256 readlwrite memory locations needed to storp. the 
variables from A to Z and to accomolish other housekeeoinQ functions. 
In most CAses ",ore fT'temory is np.ededC a typical system shoulrl h~ve at 
least '-K (204R) bytes of RAM. Each memory location stores one byte, 
And in a tyoicRl system with 2K (2~4A) bytes of R~M, ~ach location h~s 
a unique memory address runnino from 4096 to 6143. The microinteroreter 
will only see RAM locAtions that are contiQuous {non-stoo with RA.M 
~tartinQ at the location 4(IJ9~. 

The memory is oroanized as follows .. 

1. T~e first 256~ locations consist of NSC Tiny BASIC, in on-chio ROM 
(Rearl Only MemorY) on thp. INS8070 chiD. In other worns. NSC Tiny 
BA.SIC consists of 2560 bytes of ore-oroQrammed mefT'tory occuoyinq 
locations ~ to 2559. 

2. The~next 1536 loc~tions Rrp unassiqned anrl can bp. u5p.d for ROM, 
dAt~ RAM or 110 devices. 

3. The next 256 or more locations. with addresses from 4096 to 65470 
if de~irerl consist of RAM (~andom Access Memory, also cRll~rl Read/ 
Write Memory). Thi~ nart of ~emorv ~ervp.s two ournose5' 

a. Locations 4096 to 4351 Rre us~d by NSC Tiny BASIC asa 
"scrRtchnad memory'''. They are not availAble for your use. 

b. Locations 4352 to your l~st RAM location Rre yours to u~e. 
When you t voe: . 

NEW #1~~0 
NEW 

then store a OrOQrR~ (with 11n~ numbers), your oroQram is 
~torerl in memory, beqinninq at location 4352. 

4. If automatic ROM execution is desire~ after a RESET, the ROM oro­
qram must start at location A192, anrl can ~xtend uo to 65471. 

5. I/O rievic~s lTlay be memorY-"lapo~ri in any unu5P(j memory locations in 
th~ r~nq~5 ~560-4~95 ann 4352-6547~. 

6. No R~M or I/O device CRn oCCUOY memory location 65471. I/O devices 
c:;houlrl not he ~aonerl contlauous with RAM trOT 4~96. 
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65,535 _------_FFFF 
ON-CHIP RAM 

65,471 or -64 ..... ____ ~,....,._,.t 

(Any address locations 
between 1100 and FFBE or 

h-'P""'!,....,._""P""'~....,...,....OAOO and OFFF which are not 

64,767 or -768 10-.....,._.,........,....,...,.....,....,.. 

ROM 
FOR AUTOMATIC 

EXECUTION AFTER 
A RESET 

8192 tr-,..,.-r-,.....,....,..,.....,....,..'I"I 

RAM (MINIMUM 
== 256 BYTES) 

used by memory) 

4096 ...... --.~,..,.-r-.,.....,....,..,..1 000 ® 

NSC TINY 
BASIC 

O~---------~~ 

NOTE 1. RAM or 110 devices must not occupy location 
X'FFBF. 

NOTE 2. The microinterpreter will assume the only 
available RAM is that which starts at location 
X'1000 and ends at the first discontinuity en­
countered above that address. 

NOTE 3. Location X'FOOO must be used to set the baud 
rate of the console device. If no console is 
used, this location may be used as desired. 

Fi qure 9-1. 
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The followinq table summarizes the memory orQanization in a minimum 
NSC Tiny BASIC system. 

Table NSC Tiny BASIC Memory OrQanizatlon 

LOC~TIONS CONTENTS 

2559 

4096 - 4351 

4352 - 6143 

NSC Tiny BASIC System (ROM) 

Sc~atchoad Memory. (RAM) 

User Soace. Your oroQrams are stored 
here. 

User soace,,, locations 4352-6143 will hold 1792 byt.es' this ·i«5e~ouQh to 
~torp. annroxi~Rtely 5ixty NSC Tiny BASIC statements. AdHitlonal memory 
can be a~dedf And, if your system hAS 4~96 byt~s of RAM. the user ~oac~ 
location~ run from 4352 to A191. 

The ~emory layout tor the exam.ole board 15 Qiven in Section 3. 

9.~ TOP'· Location 

The first location that 1~ free for your use has a speci~l name, it·'s 
ca 11 ed TOP. Th e 5 ta tefT'! en t. 

>PRINT TOP 

will cause the address of thp. first free location to be orinted. 

To see how TOP works, clear away any old oroQram by tyoinQ NEW #1000 
th~n NEW, orint out th~ valu~ of TOP, then store a line or two of any 
oroaram and try printina TOP Aoain. 

>NEW III"'*' 
>NEW 
>PRINT TO~ 
4353 +-----Remember 4352 is the beQinning of "user SORce". 

A prooram (even with no lines) take5 uo one byte. 

>I~ REM THIS TAKES UP SPACE 

>P~INT TOP 
43f3'" +------LocRtion~ 4352 throuqh 4379 are in "use". Fi rst 

available is now 4380. 

A. lonoer prOOrA1l will lJSP. up TTlorp. c;oace. 

>NFW * I ~00. 
>NF~ 
>PRINT TOP 
4353 04-------TOP ooints to the heq i nni nQ 0 t NSC Tiny B~S I C"s 

u~er !;oace. 
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>1 A0 REMARK POWF.RS OF TWO 
> r J 0 P=1 
>12Y11 PRINT p, 
>J3~ P=2*P 
>14~ IF P=64 GO TO 1~~ 
>999 STOP 

>iJRINT TOP 
444~ ~------Next availAble location 1~ now 444~. 

Remember. the value of TOP is the adrlress of the next available memory 
location heyonrl the lAst byte of your NSC Tiny AA.SIC nroqram. 

Choosp. A sAfe loc~tion fAr. aWAY frof'fl thp. ~~RII ~roQra~ that you will 
write shortly. for examole locRtion 5QJCilCiI. You want to store a number 
into loc~ti9r'1-:pf)J""9J. thAt ·is. you want ·to nut a nU"lber. (~ay 55)j.trl~OJOi~. 

>fi5000=55 

The @ i5 the familiar "at" symbol and means ·'at the location· ... Re­
rnemb~r, location 5000 15 ;:tn ~ctual Memory locAtion anti not an outout 
Dort. If you could p~ek into location 5OJ~0 you'd now find the number 
55 restinq" there' however. since you cannot jlsP.P. into'" locations, 
tell NSC Tinv RASIC to print a copy of wh~tever is stor~rl therp,. 

>P R I NT tt5 OJ~0 
55 

Try 50f'lP. ""0 re. 

>~00J=37 ~------Put 37 into location 5~1 

>PRINT ti5OJ(IlJI 
37 

>P R INT ~5(if~2 
9~ 

Did you follow the la5t f.'xamole? You oreviou~lv had out 55 into 10-
crltion 5000 ann 37 into 5001, you Crln arfrf theM (~5~00+~~01) arrf out 
the result into 5A~2. 

You Cnn UC)P. @5~OJ~. U501V'1. ,~5001~ and so on Just as you use variables 
A throuqh Z. exceot for one thinor 

Numerically addre5sed locations can store one byte onlY. 
They 8cc~nt numerical valu~s frO"l ~ to 255, inclu5ive. 
You cannot store neqative numbers or numbers laroer than 
255 In the~e IncAtion5. 
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As yOU~ny susoect, the variahles A throuQh Z each occuov two bytes 
In the INSA~73~s memory. 

Thp fol1owlnQ il1ustrate~ what would hannen if you tried to put a 
number lArger than 255 into a numeriCAlly addressed location. 

>PRINT 05004 
til 

>16005=257 

>PR I NT tt5()J05 
I 

> .. 5 0A6=5 11 

>PR I NT U5006 
255 

Try some neqatlve numbers 
and see the results. 

Attempt-inQ to out a number into a memory location that ie; too large or 
too small for that memory location will not result in an error meSSBQe. 
The number will bp treated moriulo 256 (that i~. it wi 11 he rtivided by 
256 and the reMAinder put into the location). 

Onp. trick to u~inq ~emory locations is to call thp.m TOP+I. TOP+2 and so 
onl as your prnaram chanoes ~ile._a not~tion such as' 

>~(TOP+23)=211 

is al waye; above your proaram. A check for the too of memory can be 
done easily using the IF stAtp.~ent CassuminQ that M is the ~umber of 
the ~e~ory lOCAtion you were ~bout to use, and that your memory went uo 
to loc~tion 5143)' 

>70 IF M>5143 THFN PRINT "OUT OF MEMORY" 

In summary. to put a value "V" into a memory location M write 

>I)M'=V 

anrl the VAlue of the memory location M i~ aiven by the p.~nre~sion ~M. 

The at siqn (~) should bp. userl with caution. PIAcino a value in me"lorv 
u!=;pd by your orOor~,." (At a locrltion Ip~c:; thAn TOP) CAn c~usp. the oro­
arAm to lib 1 ow lIOU. Thi c:; meC'nc:; thA tIt rp.fu!=;ec:; to work. A nn there t1'tAV 
be no way to LIST or otherwfs~ oreserve it. Even if it 1oesn~t blow 
uo othpr fnc;irliou5 ch~nqpc; th~t CAn -he hArrl to find can occur. Be 
ca retul • 
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The followinq li5t~ the locations that should not be used-

LOCATIONS 

r.J to 2559 ROM (on-chio) 

-64 to -1 R~M (on-chin) 

4096 to (TOP-I) nroara~ In our typical system 

9.3 StrinQs of Charact~rs 

An irnnortAnt f~Ature of NSC Tiny R45IC ie; itc; Ability to lnout. outout 
and manipulate ch~ractp.rs AS well as numbers. As you hAve Alrearly 
c; p~n. the !=; ta tP.", en t. 

>22'" PR INT "FLOW OK'" 
. 

will cause NSC Tiny BASIC to orint the words. 

FLOW OK 

The information between Quote~ is called a strinQ. 

The computer can store strinQs. recall them and do other ooerations on 
thp.m as well. These ahilities are ~soecially hanrly where the uc;er of a 
oroqram should communicate in sOMethinQ resemhlinq nAturRI lanquaqe. 
It miaht bp. more convenient to have a user type YES as an answer to A 

question rather than h~ve the comouter tvoe "ENTER I I F YOU M~AN YES 
OR 0 IF YOU MEAN NO". 

To hAve" usp.r of your proQram utilizp. c;trina inout, you have to firc;t 
dec1rle wh~re thp. computer will nut the c;trino. The oreviouc;ly de­
scrib~rl TOP function aives thp first lOCAtion in me~ory that is avail­
able to the user. If the oroorarn assiQns l . 

S=TOP 

then S will he the Adrlress of the first location In memory thAt can he 
u~ed. In the followinq case it will be used for storina a strino. 
I~hen YOII w~nt to work with 5trirv )c; instpAri of numb~rs. use the riollar 
5ion ($) to tell NSC Tiny R~SIC to exoect a strino. The stAtement. 

INPUT $5 

e;tores whRtever strino the user tyne5 beqinninQ at location S. The 
first character of the strinq aoes riQht at lOCAtion S. the next 
chRract.~r at location 5+1 and 50 on. InotJt stops when the RETURN key 
ie: nre~e;erl. Th~ corle for theRFTURN 1(pv ie; c;toreri at the l.qst ChAraC­

ter of the strlnq. This is imoortant AS it Allows you to find the enrl 
() r th p c; t r i no 1 A t ~ r • 
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Try th~ followinq oroqram. note the S siqn In Lines 20 And 30. 

>NEW 

>IOJ S=TOP+I00,'REM SET S TO POINT AT A FREE SPOT IN MEMORY 

>2Ot INPUT SS.REM GET SOME CHARACTFRS 

>30 PRINT $SIR~M TYPE THF. CHARACTERS JUST OBTAINED 

>RUN 
1ARC ~ ASr. is the inout string. 
ABC 

>RUN 
? S~M "3 4 _ This is'I:a CAlifornia license olAte nU'Y'Iber. 
SAM '23 

>RUN 
?%~7#O+*! '4 You c~n use 'list about any TrY cha racter in 
~@7*Q~! a strinq. 

> And so on. Try some of your own. 

In the seconn RUN above. we tyoed SAM 1;>3 and ores~p.d RETURN. 
Therefore, a strinq of eight characters wi 11 be stored, beQi nninQ At 
TOP+I00. R~ follows. 

LOCATION CONTENTS 

TOP +101" S 
TOP+101 A 
TOP+t(:lt2 M 
TOP+.1A3 soace 
TOP+I~4 1 
TO.P+105 2 
TOP +1 C'J6 3 
TOP+101 RETURN key code 

Remember. each location stores one hyte, so each character or key co~e 
is storprl,as one byte code. 

In the followinq OroQrAM, we use a strinQ variable $R' 

>NEW 

>60 R=TOP+IOJIREM SET R TO POINT AT FREF SPOT IN MEMORY 
> 7", SR=" ~Ar,DF. FGH I JKLMNOPQRSTUVWXYlJ' 
>ROJ PRINT sf:? 
>i?UN 
ARCDFFGHIJKLMNOPORSTUVWXYZ 
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In the orec~dino orOQrAm. sR is A ~trlna variAble. In Line 1f'1. YOU 

assiqn it a strinq value consistinQ of th~ 26 letters of the Alohahp.t. 
Not~ th~t these Ip.tterc:; ;:,re encloc;ed in qtfl')tation marks' however. thp. 
quotAtiOn mRrks are not·c;tored AC:; part of SR. The strino in thp SR 
wi 11 be stored 1 n TOP. J0 throuQh TOP+35 ~nrj A RFTURN key code wi 11 be 
put Into TOP+36 to mArk the enrl of the c;trino. 

Add the followino 11ne~ to the Above oroQra,". (don't tyoe NEW!) 

>90 SR="HFLLO· 
>100 PRINT SR 
>RUN 
~BCDEFGHIJKLMNOPQRSrUVWXYZ 
HELLO 

It is your resoonslbl11ty. as a oroqrammer. tcfsee that there 15 enouCln 
~oace for strinqs. For examole. add the followinQ itne5 to the oroQram 
we are develoolno. 

>110 E=TOP+12 
> J 20 S E=" 1 23 11 

>13~ PRINT sR.REM YES WE DO MEAN $R AND ~OT SE 
>RUN 

ABC ••••• 
HELLO 
EJ23 

Note the stranoe resul t when this oart of the oroQram is- RUN. This 
demonstrates that you have to be able to auess about how lono strinqs 
are oolno to be when you decide where to out the~ in m~~ory. 

Try other strinqs for SR and SE In this oroqram. and see what con-
1ition~ cau~e overlao. and by how much. Ch~nQ~ the constant in Line 
J I~ as well. A few exoeriments will teach more than a thousand words 
of text. 

strinq characters are ~ctually stored as numbers. There is a standArd 
numerical code for each l-rY character. called ASCII (American Standard 
Codp- for Information InterchanQp.). Thl~ code is userl by all ~a~u­
facturp-rs of comouters and communication eQuioment. There are other 
codes in use too, but only by a c;'1lAll numher of '1'lAnufacturer~. and they 
~Ake ASCII available to their eQuio~ent. It 1~ easy to write a orOQram 
ttv=t t wi 11 show thp. ASC I I corle thA t NSC Tt ny HASI C u~e c; to s to re 5 t ri no 
cnaracters. This oroarAm will orint the ASCII code for ~ charact~r as 
3 rfeci~al numher after you have typed in the character and hi t the 
RETURN key. 

>LIST 
100 REM PR~GRAM TO PRINT ASCII CODES FOR TTY CHARACTERS 
110 A.=TOP +500' REM LOCArION TO PUT CHARA.CTERS 
1?0 PHINT "EACH TIME I TYPE A OU~STION MARK. YOU TYPE" 
13~ PRINT "A SINGLE C~ARACTER ANn HIT THF RETU~N KEyn 
140 PRINT "".INPUT SA'RFM GET A CHARACTER 
150 PRINT ~A.RFM P~INT ~SCII CODE 
lb0 GO TO 140.REM DO IT AGAIN 
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., 
>RUN 
EACH TIMF I TYPE A QUESTION MARK, YOU TYPE A 
SINGLE CHARACTER ~ND HIT THE RETURN KEY 

?A 
65 

18 
66 

1C 
61 

? ~"!----Thl 5 1 5 CONTROL G (userl r:;jn.Q the BFLL). It 1 S r=! 

7 non-orintlnq.,c))aracter. 

1"1. 
31 

1~ 
48 

? I 
49 

12 
50 

1 ••• Your turn, exoeri~ent. 

Uc;inq this proQram. look at the ~SCII codes of the letters, numerals, 
and special charactp.rs on the TTY keyboard. Remember, NSC Tiny BASIC 
stores the RETURN character at the end of each strino. How would you 
orint out the ASCII corle for the RETURN key? (Spe Anpen11x C) 

Using the program as written, find the ASCII codes for CONTROL A, CON­
THOL B and so on. There is A oroblem tryin~ to orint the code for 
CONTROL C. Can you deduce itc; value? (See Aooendix C) 

The last strinq feature in NSC Tiny RASIC is strinq reolacement. If P 
anrl Q are ~uitably defined (a5 nointinq to memory) then A statement 
such ast 

>5 "'0 SP= so 

will take the strinQ c;tartino at location Q and ~ake a cooy strinq 
5tartinQ at locAtion P. Remefl1her. it ie; '10 to the prOorR'Tlm~r to be 
sure that there is enouah roo~ for this to occur. A real disaster can 

·occur if P=Q+I. For instance. when Linp. 50~ i5 executed. the character 
at location Q is olaced in loc~tion P. Rut, location Pis the ~econ~ 
location of O! (Remember P=Q+I.) Thi5 means that the first character 
of Q is now 8150 the e;econrl ch8r~ctp.r of Q. Since this is ;::! strinq 
cooy instruction the next thinQ thAt haooens is thAt the second char­
acter of Q Ie; conip.ri into th~ c;econd ch~r~ct~r of P. Th~ second 
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characterrof Q WR5 just cooied from the first chRracter Q. so the 
,-;econd charAct~r of P ie; the sarflp. as the first character of Q. Now. 
since P=Q+l the second character of P is the same as the third char-
Rcter of (). Ann e;o it. qOP.5. with the first character of 0 beinq cooied 
over and over aqain. The orocess will never stOOl if there was a 
RETURN ~o~ewhere in P it will be "clobberAdn by the constRntly cooied 
chnracter. Soon all memory will be filled by this one character. 
your oroara~ will he rlp.~troyerl. and. NSC Tiny BASIC will come to a 
qrindino halt. Be careful to ftvoid round robin situations like this 
one. Try it onc~. 

To compare strinQs in an IF statement you "lust comoare the ASCII valtJ~5 
since NSC Tiny AASIC rloesnlt allow dirpct como~ri50n of strinos. This 
merely means usinq @ instead of $. and doina the comoarison one me~ory 
location at a ti"'~, 

9.4 Exer.clse 

~rite a proqram to comoare two INPUT strinQs and orlnt nT~E STRINGS ARE 
EOUAL" if they ar~. and ,"THE STRINGS 4RF. UNEQU~L" if that 15 the casp.. 
The to llow inQ is a 08 r t of thp. oroq ra1l' 

>LIST 

10A REM PROGRAM TO COMPARE TWO STHINGS 
110 PRINT "THIS PROGRAM COMPARES TWO STRINGS AND TELLS" 
120 PRINT nyou WHFTHER THEY AR~ EQUAL OR UNEQUAL.~ 
130 A=TOP+100 
14VJ B=TOP +2~ 
150 PRINT '''''PRINT JlFIRST STRING'·, t INPUT SA 
16~ PRINT "SECOND STRING", •• INPUT SA 
170 GOSUR I~J0tRFM GO COMPARF STqINGS 
l~rJ GO TO 15QJtREM GET TWO MORF.·STRINGS 
1000 RFM SUBROUTINE TO COMPARE STRINGS AND PRINT MESSAG~ 
1010 Your work beoins here ••• 

Write thp. ~lJhrout1ne to comoare the strin05 and nrlnt the aonroori~te 
messaqe. A RUN of the comolete oroqram miQht look like this' 

>RUN 
THIS P'ROGRAM COMPARES TWO STRINGS AND TELL YOU WHETHER THEY 
ARE EQUAL OR UNEQU~L. 

FIRST ST~ING? ABC 
SECOND STRING? 4RC 
THE STRINGS ARE EQUAL 

FIRST STRING? ABC 
SECOND STRING? OEF 
THE ST~INGS ARE UN~QUAL 
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FIRST ST~ING? 4A 
SF.COND STRING? ABC 
THE STRINGS ARE UNEaU~L 

FIRST STRING? ABeD 
SECOND STRING? ABC 
THF. STRINGS ARE UNEQUAL 

FIRST STRING? A BC -------The space 1s a Dart of tne strinq 
S~COND STRING? ABC 
THE STRINGS ~RE UNEQU4L 

FIRST STRING? 

See Appendix A for answers 
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CHAPTER 10 

I~.I Interfacina Other Devices To NSC Tiny BASIC 

Devices other than the TTY or terminal can be Attached to the exa~ole 
system via the memory bu~. The INSA~73 Data Sheet contains the ntn 
assiqnments and interfRcinQ rlata needed to tAlk to it via the bus. 
This chanter rf~scrihe'5 A c;irrtole circuit for you to wire un ann nluq 
into the INSAfil73. Then you will be ouided in writlnQ 'sever':)l simole 
control nroqrA"'S to exerci~e the circuit. Our circuit ie; very 
~imole. consistino of a switch and A LED. with the INSR~73 In 
between. 

I-S" ITCH 

An 110 device looks like a memory location both in hArrlw~re and in 
software. It decodes An ~rlrlr~ss ann aeceots or sends a byte of data. 

For thi5 chaotp.r, the reArier is ASSlJmeri to be familiAr with rlioital 
loqie, the various forms of hinAry ~nrl hpxariecimAl notation ann the 
other mentAl enuic",ent lJ~uAllv Acquirerl ~y thoe;p. who rfec;iqn rl10ital 
electronic circuits. 

In NSC Tiny B~SIC the 16 bit address corresoonds to the sianed 
numbers from -3276R to 32767. The hiah-order hit. inste~rl of beinq 
treated AS a sian bit, becomes simoly the hiQh order hit ot the 
adrfres5. The 5imnlpst WAy to address lOCAtions above 32767 Ie; to use 
the hexadecimal format. 32767 = #7FFF. Neqative deci~al numbers 
in NSC Tiny BASIC where the hiah order hit is the sian bit. are twos 
complem~nt 16 bit binarY reore5entations. Thus -1 (in binary 1111 
1I11 tIll 1111) used as An ackiress would access the same memory 
location as #FFFF. All in all. it is clearer to use hex~deci~al 
notation in NSC Tiny R~SIC for (=tddressina hiQh memory locations. 

The timlno con~idp.rAtion5 for Arlnres5 and data set un anrl 5trobe5 can 
be found in the INSR~73 Data Sheet. Usually the NSC Tinv AASIC oroora~ 
itself rloes' not h~vA to he concprnerf about outout timinQ as NSC Tiny 
RASIC is very slow with resop.ct to TTL or any other 5~~iconductor 
te~hnoloqy. Almoe;t any circuit c~n easily follow the outout from an 
NSC Tiny BASIC oroaram. On the other hand, it is easy to teed data to 
the cornouter too Quckly for NSC Tiny HASTe to follow. For ",any control 
aoolications, A response time on the ordpr of a s~conrl is arleouate, anrl 
in tho5e cases NSC Tiny BASIC can be used in an on-line device. Faster 
resoonsp. can b~ ohtainpri bv llf5ino interrlJots or nroqrArnminq tn the 

,INSR",,73 Assembl y lanauRoe.' N=Jtion~l .S~~ir.onrlur.tor Puhl ication Number 
IJPG-4/.~39J6255-~OJl rfp't;crihec; th~ fr:tr.111tip5 of thp. AS5p.~blp.r. 

Even if thp. A~c;emhler is to hp. tJ5ed. NSC Tiny RASIC 1s e;till a aood 
way to check out the alqorithms and the interfaces quickly ann 
inp.xop.nsiv~lv. U5P. of thp. ~c;~p.~hler 1e; considp.rahly morp timp. 
consuminq ann costly thAn wrltina in NSC Tiny AASIC. 
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J~.2 Harrlware Interfacp. 

The circu1t, shown below, Is in two Darts. The first part liqhts an 
LED when the ao~rooriate NSC Tiny BASIC command is Qivp.n. Instp.ad of 
an LED the .circuit could have a relay, or other device that is to be 
controlled. The LED, of COlJr!;e, could also be part of an onto-i solator 
or toe input to a solin state relay. 

The NSC Tiny BASIC statement. 

>@N7FFF=1 

outs the value 1 at location (in hexadecimal) '1FFF. This location, 
instead~ dff··· beino a memory location, is used for I/O. The hardware 
you a"~hstructina has to recoqnile when it is hp.inQ>,aTtrfr~5sed. Thls 
occ urs when the number #7 rFF aooeArs on the address lines, label 1 ~d A0 . 
throuqh A15 (Dins 9 throuqh 19 Rn~ 21 throuah 25 on the INSR073 ~s it 
haooens #7FFF in binarv is (ittl1 1111 1111 1111 so you want to recoanize 
when All addres5 line~ Are hiah. There are a nu~ber of way~ to no 
this. Three DMR131 bus comoarators would do, but vou may choose the 
more el~~€ntary ~ethod of ANDino th~ lines tnoether. To do thi~ two 
IJM74LSJ0 eioht inout NAND qAtP.S Are usen. Thp. outout of the DM74LS30 
i5 low only when All eiqht inouts Are hioh. Thus the addre~s is 
correct for the rlevicp. when the outouts from both DM74LS30~S are low. 

The two outout5 f rom the DM74LS30'S QO into one NOR qate of the Quad 
NOR (8 DM74LS02). This NOR is hiqh when both inouts Are low. You will 
need a low when the outputs from the DM74LS3~"S are low, therefore, 
ADM74LS04 is u5~d as an inverter. 

Now the circuit can detect its address, but all kinds of siQn~ls aODear 
on the Address bus when a nroqrAm is runninQ. Therefore. another 1 ine 
~WDS (pin 6) is on the bus. This line is nor"lt=tlly hiqh but OOP.5 low 
when the CPU puts an Address on the bus t=ts o~rt of a memory wri te i n-
5trlJction. Thic; is the only ti'1'le that YOli want the circuit to "look 
~tlf the address lines. Another section of thp. DM74LS0/. detpcts when 
the arlrlrec:;s is 117FFF At the saMe time NWDS ie:; loW. At such times the 
outout of thIs NOR a~tp. aop.s hlah. Thic:; 5iona1 clocK5 one of the flio­
floos of a DM74LS74. This is a 0 type fllo-floo 50 that when the clock 
." a k pc; a n tJo w ~ rn t ran 5 1 t Ion the 1 oq i c 1 e ve 1 a t t h P. d a t a i no uti c; con i e rl 
to the Q outout, it is held at that level until the next oositiv~ edqe 
on the clock triaqers the fl10-flop. Thuc:; the rM74LS74 captur~s the 
data from the bus on data line 00 (oin 33). Any of the data bits coulrl 
have been used, this 1s an Arhitrary choice' in fact. by usino four 
DM74LS74'5 All eiQht hits could be uc;ed. 

This half of the circuitry can be summarized as follows. when the 
nroner RdnrP5S Rnpear~ on th~ arldree:;s hus, And NWDS 1~ active. the low 
order data bit 800ears on the outout, and is held there. This bit is 
lJserl to l1qht a" LFn. 
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OM74LS04 

A15 

A14-----......., 
A13 OM74LS30 

A12 --------1 
A11-----....... 
A10------~~--' 

A ·9-------1 
A 8-------1 

A7------....... 
A6-------I 

,i4'---------
Al-------I 
A2------I---' 
A1-----....... 
AO-----....... 

OM74LS02 

DM74LS02 

NRDS---------------------------~~ 

Vee 

SK OM74LS126 

511 --

DO------------------~~-----~---------~ Vee 

5K 

o PRE 

OM74LS02 

Vee 

0'1---+----
NWDS--------------------------~ CLR 

DM74LS74 

FiQure ·10-'. LED I/O SChetn8tic D1AQram 
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lnout to a computp.r is si"loler. A oulluo resi-;tor and a switch outs a 
loaic ~ (switch closed) or a looic 1 (switch ooen) on the input of a 
TRI-STATF. buffer CDM14LS1'-6). This is the desired 10Qic level we wish 
to communicate to the comouter. The outout of the butfer is feci to the 
C;Rm~ hi t (~ of th~ data bue;. This demon5trates the bi-directional 
n~ture of the buc;. The sarrte oin (oln 33 which was 1ust used tor output 
15 now used for inout. The comout~r knows which Is which by Duttino 
~nother c;iona! NRDS Cnin 4) on the bus whenever it wants data. 

, 
V~hen NRnS 15 low the comouter exoects the circuit YOU Rre bulldino to 
~lacp. dAt~ on the rlata.llne~. TheTRI-STATE huffer i5 in its hiQh­
i,"oedance-r'stAte. thus not Rffectii~&--t'he bUSt until a siana11"'Oates it. 
Thp, s ~on~ 1 is the NOR of NROS Ah~;the an.'irp.C9S c i rclii tal re"a'oy rie-
scribed. Thus the value of the switch is out on the bus only when 
NRDS is active Rnrl the correct Rrldress 15 on the Address bus. ~nother 
method is available to the user of the eXA~ole svste~ shown in Section 
3. 

10.3 Ex~MDl~ Sye;t~m LEO Fla5her 

An P.8sy WAy to Attach a switch anrl LFD to the examole board is ~hown 
below. The LED is connected to the outout of the 8154~s I/O oort, 
Anrl a switch i~ connecterl to a rlifferent norte 

conn~ctor P3-33 -----~ 
connector P3-50 -----....II-

connector P3-50---- 5"K "-
co nnee tor P 3-4 A -------oi!t----___ .--­
conn~ctor P3-1---------------------~ 

Refore any oroqrams are ooerated, the INSH154, which controls these 
olns. must be initiRlizerl. ReasoninQ hehinrl this CAn hp. founrl in th~ 
Data Sheet for that device. To set the INSRJ54 to outout to the LED, 
tvnpt 

>~#9AA2=01 

Chanqes will also have to be made in the orece~ina oroqrams to reflect 
that· 

1. The switch is now read as bit 0 of Rrldress N9AAJ 
? The LED is now bit ~ of location '9~~1 
J. Tne LFD now liqhts when qivp.n a 0 inout ann aoes dark when its bit 

is se t to a 1. 

nncp. these few chanQes have been marie, the LED flasher proble"ls caF'l be 
imolemented for the circuit the same as the other. 

There are ~any other ways of i~olementina these functions, anrl this 
manual is not Intenderl to instruct in harrlw~re rlesian. This circuit is 
oresented as material for a oroorammino exercise only. 

Placinq an inverter bp.twp~n any of the Arlrlre~~ Jines anrl the innut~ to 
the 0 M 14 301' 5 wi 11 r e q u 1 ret h;:t t h 1 t to be zero 1 nora e r to a dd r P. 5 S t his 
rip-vice. ThtJ5 ~ny addrp.~f5 can bp. used if #EFF"F ie; not Rl'"'!1ropriatp. for 
'lour syst em. 



· 
1~.4 PrQQramminq the Circuit 

It Is A~c;lJmed that you now have the circuit wired uo, re~dy to te5t. 
To test the'Circuit, tYoe the followino NSC Tiny RASIC statements ann 
w~tch the results. 

Turn the LED ON 

>fJ'7FFF=1 -------The LF.D shoulrl come ON 

Turn the LfO OFF 

> till 1 FFF= (}J ------The LED cshould QO OFr 

OQen thp switch anrl tvne 

>PQINT @#1FFF' 
I ----------- I f th e sw i t c h t c; 00 en ;-'-YOlJ shOlJ 1 rl Q e t 

Close the switch ~nd tyoe 

>PRINT @17FFF 
-~ -----------If the 5witch ie; closerf, you ~hould qet 0 

If the above didn-'t hanoen, rfouhle check your I/O circuit before 
oroc eedinq. 

The followinQ orooram senses the position of the switch Rnd ~ake~ the 
liqht behave accordinqlyl 

>J~~ M=I7FFF.REM PUT THE OEVICE ADORESS IN M 

>110 S=titM'RFM SAVE THE VALUE OF THE SWITCH IN S 

>13~ IIM=S.REM SEND TH~ VALUE OF THE SWITCH TO THE LIGHT 

>14~ GO TO 1101RF.M RFPF.AT, KF.F.P CHECKING SWITCH 

This oroaram could be shortened tOl 

>5'" @1I7 FFF=~#7 FFF 

>60 GO TO 5 (iJ 

but it is not as clear that way. Goinq back to the first oroqram, you 
cRn see one of the advantaqes of software ov~r hardware. If you want 
to chanqe the ~en~e of the switch. have it on when it uspd to be off 
a nrf vice vp. rs~ , AIl you n eerl to rio 1 ~ chana 9 L i np.l 3'" tot 

>130 OM=NOT (5) 

and the switch work~ the other way around, without ch~nqina a sinqle 
wire. N~w thp. liaht i~ ON when the ~wltch 1s clo~erl and OFF when the 
switch is open. While it is not hard to chAnoe a wire, if this were 
Dart of A devicp. comrnl ttP.rl tn n orinterl ci rcui t boarrl, it. mlaht be 
qu1te exoensive to either morlifv all the boards or hAve 8 new desiqn 
nut into nroduction. The software chanoe is often far ~imoler. 
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Suop05e YOll want the liaht to be OFF when the c;wltch ie; closed and 
hlink ON and OFF when the switch is ooen. 

1~ M=#1FFF,REM PUT-THF. DF.VICE ADDRESS IN M 
110 S=~MIREM SAVE THF VALUE OF THE SWITCH IN S 
130 ·REM IF SWITCH OPF.N. BLINK LIGHT ON AND OFF 
140 @M=StGOSUR ?1~tRFM LIGHT FOLLOWS SWITCH ON AND DO A TIME DELAY 
15c;, ~M=~IGOSUB 21PtRFM TURN LIGHT OFF ~ND DO A TIME DELAY 
I 60 GO TO 1 1 '" 
2~ REM TIMF DFLAY SUBROUTINE 
210 T=IA0JR~M MAKF T BIGGER TO #INCR~ASE DELAY 
22'" DFLAY T 
230 RETURN 

1(11.5 Exercises 

Rewrl te the above oroQram so that the 1 iq~hl bl inks when the switch is 
closed and the light is OFF when the switch is ooen. 

Write a nroaram so that the switch ~ust be clospd tor several ~~cond~ 
before the liqht comes ON. If the lioht is ON, ooenina the switch 
turn45 it,.oF~ ifTl'TH!rJiately. Howevpr. if thp liaht is OFF anrl thp, switch 
i 5 c los ed. 5 ever a 1 sec 0 nd 5 '" U 5 tel A os e be for e th e 11 gh t c om e 5 ON. I f 
the swi tch i5 oop.np.o duri no thi 5 ti'11e. the liqht will not come on. or 
even blink. 
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CHAPTER 1 

I. t Introduction 

This reference Quide Is intended to orovide you with infor~ation 
on the u~e of NSC Tiny BASIC lanQuaae. This section will al~o 
provide you with inform~tion on NSC Tiny RASIC commRnds. state~ents. 
Qrr!J'mlar. error f'leC;SAoe!=;. ann control characters. 4 brief de~crintion 
of eAch is oivp.n RlonQ with A shor~ p.xa~nle or two to ~~on~trate th~ir 
use. 

This reference ouide will orovid~ 8 au1clr method of loc~tinQ bASic 
information on NSC Tiny R~SIC. For a more de~ailed descriotion. and 
examoles of NSC Tiny RASIC"s uc;e. Section I c;houlrl he consultp-rJ • 

. 
To lea·rn how to use NSC Tiny AASIC. you will np.p.d an IN~"'73 system 
And A teletyoe or CRT te~inal. 
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CHAPTER 2 

2.1 LanQuBQe Exoressions 

2.1.1 Variables 

There are twenty-six variable names which can be used with NSC Tiny 
B~SIC. These are the letters of the ~nolish l~nouaQe Alohabet. A 
throtJoh Z. The VAlue!; A~sianerf to thec;e variables are 16-btt siQned 
inteoers. There Are no fractions or floAtino ooint numbers. 

2. I .? Con c;tan t ~ 

All numeric conc;t8nt~ Are rl~ci~~l number5 excp.n~ when orP.cederl bv a 
oound siqn fir). I f or er. eded by II. the" nutnber i ~ i nteroret erl.Lfj'$ a 

f"'*: "F ,",'" 

tt~n(arlecimal nUt""ther. The c;Y"1bo15 55 would be treated a~ A deciY'tal 
=number, whi Ie *55 would he treaterl as A hexadecfmAl nu",b~r (eaual to 
P,5 In rif'ci!Y'fAI value). Op.ci"'AI cO"5tantc; ""By be in the r~nop. of 
-3~161 to 32761. 

~.'.3 Relational Oneratorc; 

Pelat"ionAl OOp.rRtors ~re the standArri RA5IC !;y,"bol~t 

= eaual to 

> Qreater than 

< 1 P.5S thAn 

<= less than or poual to 

>= a reA ter th~n or eOUA 1 to 

<> not eqllA 1 to 

The relationAl onprAtor~ return ei theT a VJ (FALSF) or -I (TRUE) 
AS a result. NOTE' >< is An illeQRl ooerator. 

'.1.4 Arithmetic Ooerators 

St;:;Jnrl~rrl FtrithY'tetic onerRtorc; Are nrovitierl for the four bR!;ic .=trith­
me t ie func t ions. 

+ Arlrl1 t i on 

subtrAction 

/ r1iv1c;ion 

* multiolication 
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Arithmetic is acc6molishp~ bv 5t~nrlRrrl 16-blt twos-comoliment arlth­
mp.tic. tractional Quotients Are truncAt~d. not rounded, therefore. 
16/3 will oivp. ~. 17/3 will 3150 aive 5 A~ a rp.~ult. Rp.~alnder5 re­
sultino from division ~re droaoerl. No Attemot is ~ade to round off 
the'1lJotipnt. -\s tJ~uAl .. rllvi~ion hy zero 1~ not oermit.tedt it will 
rp.5ult in an error brPRk. 

The usual alqebraic rules for order in evaluatino exoreS5ions is 
followerl. Thp. ortier of eVRluation is controllp.d hy oATentheses. anrl 
their liberal use is Advised. They orovide clarity and avoid confusion 
in comollcAted Ay.ores~ions. 

'-.1.5 Loqical Ooerators 

NSC Tiny BASIC orovldes LoqieRl Q~~rators ~Nn., OR and NOT in artii tior) 
to the arithmetic oner;:)torc;. Th...;'t;e' o~rfor'" bitwisp. loaical,;onerRtlonc; 
on thei rT6-bi t Aroctments and produce 16-bi t Presul ts. TheH''AND and OR"'.i;:l h'p''' , 
oneratorc; Are calre(f"'6in~ry ooprAtors bpcausp. they nerform an oner(rtfono:.>­
on TWO Rrouments (or oop.ranrfs). An exa~nlp. follows with binary intp.r-
o retation. 

2. 1 .6 

>LIST 
10 A = 75 
~'Qt R = 09 
30 C = A 
40 PRINT 

>RUN 
67 

Loqical AND 

>LIST 
1~ INPUT A 
?~ INPUT B 

A = QJ~"'" (lJQJA0 
R = ~(IJ(IJ~ 00OJ0 

AND R C = ~~(lJeJ (~QJ"'eJ 

C 

30 IF CA>50) AND (8)50) TH~N GO TO 60 
4'" PI-lINT "ONF OR ROTH 4HE SMALL·" 
50 GO TO 10 
6QJ P ~ I NT .. ROTH ~RF. AI GIl 
70 GO TO 1 ~ 

>RUN 
'/ 51 
'/ 52 
ROTH ARE RIG 
? 51 
? 49 
ONE OR BOTH ~RE SM~LL 
? 49 
? 49 
ONF OR BOTH ARE SMALL 
?"C 
STOP AT 10 
> 
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2. I • 1 loo 1 cal' OR 
y 

>LIST 
I~ INPUT A 
2Y' INPUT B 
~ IF (A>~) OR (B>5A) THEN GO TO 60 
40 PRINT "BOTH ARE SMALL" 
5?t GO TO 1'" 
6~ PRINT ·ONE OR BOTH ARE BIGJ' 
7'" GO TO 'A 

>RUN 
? 51 
? 52 
ONE OR BOTH ARE BIG 
? 51 
? 49 
ONE OR BOTH ARE BIG 
? 49 
"/ 49 
BOTH ARE SM4LL 
?AC 
STOP AT 10 
> 

2.1.8 LOQlcal NOT 

The thirri lOQlc~l ooerator (NOT) ie; a unary operator. It op.rtormc; 
an operation on only ONE arQument, as follows. 

>LIST 
>10 A = 11 

>?()J R 1: NOT 4 
>30 PRINT R 
>f.?UN 
-12 

2.2 Functions 

A = 0"'~0 PJ00'" 0000 1 0 I 1 = I 1 
1~ 

B = I 1 I 1 '1 I I I I 1 I " 1 0VJ = - 1 :> 
1 (}I 

There Are several functions that mAy be usen in arithmp.tic p.xnressionc; 
in NSC Tiny B~SIC. These are described below. 

2.2.1 MOD (a,b) Function 

Rp.turns the Ab~olute vAlue of the re~Alnder alb, where a anrl b arp. 
arbItrary exoressions. If the value of b Is zero, Rn error break will 
occur a~ in any divic;lon oop.ration. ~c; an eXAmple' 

>10 A = 95 
>~'" B = 44 
>3~ PRINT MOD (A,R) 
>RUN 

7 

441 95 
SA 

7 ------MOD (95.44) 
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2.2.2 RNq (~.b) Function 

Rp,turn~ ~ pseurlo-random InteQ~r in the ranQe of a throuQh b. inclusive. 
For the function to oerform corr~ctly, a, shoulrl be le5s than, h. ann 
b-a must be less thAn or ~qual to 32761 (base 10). A tyoical examole 
i c; • 

>10 PRINT RND (1.'~0) 
>RUN 

27 

2.2.3 STAT Function 

R.pturn~ the 8-bl t value of the INSR0I7.3 Status Rp.oister. STAT mRy 
apoear on both sIdes. of ;:tn Assionment St~te",ent' so, the oroQrarrtmer 
cr.sn modify thp. Stattls'Reoj_ster AS wp.ll AC; rp.at:f it. Thp. CArry ~nd 
()verf)ow FiAOS of the reoister are usually meaninale.ss, -e~;i7nte the 
NSC Tiny AASIC interpreter itself is continually "f'orllfylnQ these 
flAgS. The I.nterruot-Fnahle Flao may be altered by an assiQnment to 
ST~T th~se flaac;. Th~ Intp.rrunt-EnAble FI~o may be altered hy ~n 
assiqnment to STAT (such ~Sl STAT = IFF>. LocJ:!tion of indlvldu~l 
fl~as are 5hown belowl 

¥~o~t 

Sioniticant 
Lea~t 
Sion 1 f i cant 
Ait 8it 

7 6 5 4 3 ? 1 0 
------ ------1------ ------------!------ ------ -----
CY/L OV SB SA F3 F2 FJ IE 

-------- ------ ...... _--- ------------------ ------ -----
Examole ot use. 

>ICil LET A = STAT 
>20 PR INT A 
>RUN 

176 -------The decimal number, 176, translates to. 
1 ~ I I 0 ~ ~ 01 binary. 

2.2.4 Statu5 Real~ter-Bit Functions 

Thp. function of e~ch htt in th~ StAtu~ Reoi~t~r is d~scrlbp.d below. 

AlI DESCRIPTION 

-, CARRY/LINK (CY/l>' Thic:; bit Is ~et to 1 it a CRrry OcctJrc:; 
from the most sianificant bit durino an ~dd. a co~oliment-And­
adrl, 0 r i=i dp.c ima l-arki mach inp. I anquBoe i n5 true t ion. Th i c:; bi t 
~ay ~15o be set by the ooerations oerformed by the SHIFT KIGHT 
WITH LINK (SRL > and the ROTATF 'R IGHT WITt-' lINK (RRl) mach i np. 
lanQuaqe instructions. eVIL Is inout as A carry into the bit ~ 
noc:;1tion nf the arld, comollmp.nt-and-adrl. and decimal-adO machine 
langu80e instructions. 
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6 'r'OVF.RFt.OW COV .. )t This hit is set if an Arithmetic overflow occurs 
rlurino An ArlO (Ann, AnI or ~OE) or compliment-and-Rdd (C~D, 
CAlor CAE) machinp, lanQu80e in~tructions. Ov~rflow i5 not 
affecterl by decimAl-add (D~D. D~I or DAE) ~achine lanquaoe in-
s t ru c t ion 5 • . 

NOTE' The above two hits may be of little or no use In An 
NSC Tiny BASIC oroqram. 

5 SENSE BIT R (SB)' Thiq bit is tied to an external connector 
pin and may be used to sense external condlt4ons. This is 
a "~ead-onlyn bit' therefore, it iq not affecterl when the con­
t~nts of the acc~ulator are cooled into the qtatuq real~tp.r 
by A STAT instr'uction. It is also the second interruot inout 
and "'Ay bp- eX8-n inp-ci by the "ON'" c~d. 

4 SENSE BIT A (SA) t Thrq b'i t ie; als6 tierl to An exte'rnal connect­
or DIn. It serves, as dop.s SENSE BIT B. to sense external con­
rfitions. In Aririition, it acts AC:; the interrunt inout when the 
INTERRUPT FNARL~ (see hit 3 of stAtus reoister) is set. Thic; 
bit Is Al~o A "rPAff-only" bit. The c;a",p, "ON'" com,"anri 'nay be 
USp.rl to sene;p th15 innut. Thiq flaq ie:; used hy NSC Tiny BASIC 

"'as the serial input bi t from the TrY or CRT. 

3 USFR FLAG 3 (F3)t Th1~ hit can be set or respt ~s a control 
function for extern~l events or for software status. It is 
av~ilable Be; an external outout from the INSA~73. 

2 USER FLAG? (F2)t Sa'Ylp. Ae;. F3. Thic; fiAo is lIc;ed by NSC Tiny 
BASIC to control the OAoer taoe rearier relay. 

USJ:R FLAG 1 (Fl) I SA,"~ A~ F3. Thl c; flAo ie; uc;eri by NSC Tinv 
RASIC as the seri;:)l outout bit (with inverted rfAt~) to the 
TrY or CRT. 

NOTE' The fIRq 1, ? ~nrl 3 outouts of the status reaister serve 
AS latched flaqs. They are set to the soecified stAte 
when the contents of the Accu~ulntor are cooied into the 
c;tatuc; reQister. They rP'''18in in th~t c;tat~ until the 
contents of the stAtus re~istp.r Ar~ modifip.rl under oro­
a rRTT' cant ro 1. 

INTERRUPT FNARLF: FLAG < IE) I The nTOCP,5sor recooni lP,S the inter­
runt innlJt.~ if thi~ fl~G i~ e;et. Thic; bit can be C\~t anrl reset 
unrler oroarnm control. Whp.n set. NSC Tiny BASIC recoanizes ex­
ternal interruot requests rec~1 verl ViA the SENSE A or ~ inouts. 
Whpn reset. it inhlhit~ the INSA~73 from rp.coanizino intp.rrunt 
requests. 
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2 • 2 .5 TOP ;.-Func t ion 

Returns the arkfrp. 55 of the fl rst byte ahove th~ NSC Tinv BASIC nroqr8'11 
in the current oaae which Is available to the user. This will be the 
address of the hiQhest byte in the NSC Tiny BASIC orooram olus I. All 
the ~emory in the RAM Ahove and Includinq TOP c~n be u~erl by th~ NSC 
Tiny BAS IC oroQram as scratchoad storAQe. ~s an examol e' 

>1" PRINT TOP 
>RUN 
4400 -----44M 15 the tir:;t address of unuseQ RAM 

2.2.6 INC (X) and DEC (X) Functions 

T~i statements increment Or decre"nent a ",emory Iaoa~lon X. 
Examoles. 

>I~ LET X=''''32 
>20 INC (X) 

• 
• 
• 

... . 
>50 DEC (X) 

>6~ INC (6AOO ) 
>70 DEC (6Vl01) 

These instructions are userl for "'\11 tiorOCp.45sina Ann are non-int-=!rruot­
able. This means that it two A~13~s are used on the SAme bus, when-
Bver one execute~ ~n INC (X) or DEC (X) In~truction, other nroce~~or~ 
m LJ 5 t r e ma i n i dIe. Th P. S e 1 n s t r uc t ion s Are used, Q en er A 11 v. for c () mrn u­
nicAtionc; hetween oroce5~ors in (ol ",uI tinrocp.!;c;or e;ystp,m. 

2 • 3 5 ta t em en t s 

~.3.1 INPUT Statement 

Data can be Innut to An NSC Tiny BASIC orogram hy usinQ the INPUT 
stRtement. One or more items (variables, exoressions etc.), sp.o~ra-

tP.rl by commas, may be entered accordinQ to the tollowino formats' 

10 INPUT A 
/.~ INPUT R.C 

Wh~n the 5t~tem~nt At Line 
~ser with a question mark. 
~rl to the v~riablp. A aftpr 
thpn pro~nt~ the U5@r with 
two p.xnre~slons, e;eoarated 
C in thAt order. 

RUN 
? 45 
? 231, 4455 

10 is exp,cutp.d, NSC Tiny BASIC pro"'nt~ the 
The user tyoes in a numher which Is assinn­

the RETURN key ie; orpssed. NSC Tiny BASIC 
another Question mark. The user tvoes in 
by co~rnAS, which will he A~~ioned to A An~ 
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NSC Ttny BASIC would now continue with execution of the ~roqrA~. 
Strina inout is also allowed. See the StrinQ HandlinQ section in this 
chapter for ",ore information. 

NSC Tinv BASIC accepts both numbers and exoressions tyoP.O in re~oonse 
to an INPUT reaue~t. For examole. 

>101 A=I~ 
>2~ INPUT B.C 
>.'3Ot PR INT B. C 
>RUN 
?-'+1."*2 

11 2(IJ 

The comma hetwpen th~e1,tered exorec;sions i's not -nandatoryand can be~"~ 
renlac.edt,hV ~OaCp.5 it the seconrf exnression does not start '!lith a nluc; 
or minu~rsiQn·. ..... 

There mu~t be at least ~~ ~any exor~~sions In the Inout list AC; vari­
ables in the INPUT state~ent. If An error ~ccur5 when NSC Tiny BASIC 

'tries to evaluate the tyoerl-ln ~xore~sion. theme~saqe' 

". Rr:TYPF 

is orinted alonq with the error meSSBQe. and the auestion ~ark (1) 
oromot will aooear aa~in so that the user can type the eYore~c;ions 
correc tl v. 

The correct resoonse to an 'INPUT $factor l statement is a strino. 
terminated by a carriaae return. Quotation marks are not used for 
innut. 

INPUT may not b~ u~erf in the co~mand mode. 

2.3.2 PRINT Statement (Outout) 

The PR I NT S ta ternen tis tJ~ed to output 1 nformat ion from the oroqram. 
Quoter! strinq5 are displRyerl exactly as they anoear with the auote~ 
removed. Numbers are orinterl in deci~~l format. Positive numhers will 
hp. orecerlerl by ::l snace, and neqAtive numberc; will be precederl by a 
minus (-.) siqn. There is a trailinQ SOAce for all numbers •. A. semi­
colon (') at the enrl of A PRINT Statement supore~ses the u~ual carriaq~ 
return Anrl line feed with which NSC Tiny BASIC terminates the outout. 

Strings ~tored in memory (such as those aenerated by a StrinQ Inout 
Statement) ",ay a150 he nrintp.rl. Refer to the Strinq Han-il i!'lo Section 
in this chapter for more information. Tyolcal examole' 

>PRINT "THIS IS A STRING" 
>2~ A=1 ~ 
>3Q1 B=2Q1 
>40 PR I NT tlI0 PLUS 20="'. A+R 
>~UN 
THIS IS A STRI~G 
'''' fJLUS ;:>0=30 
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2.3.3. LE,r Statement (A~~iqnment) 

The worn. LET. ""~y be uc;erl or omitted in An ~~c;ianfllent State"'~t. 
The execution of an assianment statement Is taster it the word lET is 
t15erl. The lett Dortion 'of an Ac;t;IQn"ftent Statement may be a si'nole 
variable CA-Z), STAT or A memory location IndicAted by an It followed 
by a variable, number or an exoresslon In oarentheses. Crefer to 
Indirect Oo~r;ttor for more infor"nAtion). F.XR",nleSI 

LET X=7 
X=7 
LET E=I*R 
E==I*R 
ST4T-,7C'1 
LET ffA=255 
OCT+36 )=11 FF. 

Condi tibn~l a c;c;lQnments "'BY be marJe wi thout usinQ an IF statement. 
The method hinges on the fact thAt all oredlcates are ar.tuallv evalu-
atprj to yield -1 If true. and (.II if fAl~~. Thuc;. If a nredlcate is 
enclosed in oarentheses. it may be us~d ~s a ~ultiolieT in A stat~ent 
a c; I 

LET X= -A*(A>=~)+A*(A<~) 

which would assion the absolute value of " to X. 

2.3.4 The GO TO State~ent 

NSC Tiny AASIC allows GO TO StAte~ents to allow orOQram branche~ to A 

soecific line number or A line number c~lled by an arbitrary ex­
orp.~~lon. A~ examnle~. 

10 GO TO 5~ 

woulrf CAuc;e the nroarRm to 'umn fro", Lln~ fA directly to Line 50, hut 

10 GO TO X+5 

would CnU5e the oroara", to Jumo from Line '''' to Line X+5. Thus. the 
VAlue of X Ie;' VAriAblp Rllo.winQ f'1ynArrtlc control of oroQr~'" executi(".In 
at th i 5 PO int. 

? 3.5 G05UA/RF.TlJRN S ta tem ent s 

These instructions are uc;eful when a corrtoutation or operation must be 
oprform~d at more than one olacp in A oroaram. Rather than wrlt~ the 
routine At each niece where needed, a GOSUA instruction is used to 
"CAll" thp. CO'T1olJtation or operation (re.ferred to At; a SUqROUTINF). 
~fter the subroutine h~s been executed, a RFTURN instruction (the lAst 
in~trlJction of th~ c;uhrotJtine) CntJ~ec; the nroar"," to rec;ume eX~lJtion 
~t the next lin~ nl.l"1hpr followlno the oriainalGOSUR Inc;truction. Ac. 
an examol e. 



'MA.IN PROGRAM 

I~ LET X=5 
2~ B=X+A 

• • SUBROUTINE 
• • 

50 GOSUR 2Q10 ------.2Q10 Y=X+B/A. 
60 X=A/R " ,,"" . • 

• • ",,/ • • .. " :. .. ",," .. 
1 "eJ GOSUB 20~"" __ -- 25~ RFTURN 
11 ~ X=X*B 4---- ----

On the first GOSOB call, the order of exp.cy~lon follows the solid 
arrows. At the-second GOSUB ca 11 (Line '~CfJ), the oreier of eX'ecut1on 
follow5 the dasherl arrOW5. 

NOTF' GOSUAs may he nesterl uo to A levels deep (incluriinQ lnterruot 
levels). 

2.3.6 If/THEN S ta tement 

This instruction a llows for oroqram control to be modified bv a lOQic;:)l 
test conrlition. The test conrlition follow5 the If clause of the 5t~te­
~ent. When thp. tpst conriition i~ true (non-zero), the THEN portion of 
the statement will be executed. When the test condition is f;:)lse 
(zpro). thp. THFN nortion Is ianored anrl execution contirnles At the next 
numbered line of the oroqram. 

5~ IF X>J THEN GO TO 14~ 

NSC Tiny BASIC allow5 the omis51on of the word THEN from An IF/THEN 
StAtement. This omission, also allowed on some IAraer RASICs, enhances 
thp. clAri ty of thp. nrOQrAM. The -above c;tatementc; then beco"ne,' 

5~ IF X>J GO TO 14~ 

'.3.1 DO/UNTIL Statements 

Th1~ instruction 15 not Availahle in stannard RASICs. This statement Ie; 
used to oroQram loops, keeoinq GO TO statements to a minimum. The 
overall effect i~ to qrently imorove reAdabilIty and clarity of NSC 
Tiny BASIC nroqrAmc;. The followlna p,xA,"rle ~how~ thp tJsp of DO/UNTIL 
St~tements to orint numhers less than '~t 
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I~PRINT l' PRINT 
20' PRINT '2 
3~ 1=3 
40 DO 
5~ J=1/2 
60 N=l 
7PJ DO 
80 N=N+2 

.REM I IS NUMRER TESTED 

.REM J IS THE LIMIT 
'REMN IS THE FA~TOR 
'REM SEEKS A DIVISIBLE F4CTOR or I 

9~ UNTIL (MOn(I.N)=~ 
1~0 IF N>J PRINT I 

OR (N)J)) 
'REM NO DIVISIRlF FACTOR 

11 ~ I = 1+'-
1~ UNTIL (I>I~~) tREM~ENOS THE SEARCH 

Ry enclosfnq a zero or more stAtements between the DO and the UNTIL 
<cond1 tion> ,~l!te"lent (whp.ye the <conrl1 tio"> 1 s- 8r'ly 8rh1 trary ex­
~5sion), ttie statement5' between wl11·'-be reoeatedC,'AS A arouD'iBntll 
't~"P, <conrfi·t-ron> eVAluatp.~ to A non-zero n(J'nhp.r,~1lt:'l:rl:Je condit'1on). 001 
UNTIL looos can be nested, 8nd NSC Tiny RASIC will reoort an error 1 f 
the nestinq level beco~es too deen. (more thAn eiaht l~vels). 

2.3.R FORINEXT Statements 

These c;tatements Are identical to the FOR/NEXT Statements in st~ndarrl 
BASICs. Thp. STC.P 1n the FOR stAte~p.nt is ootional. If it i~ not in­
cluded, n STEP VAlue of +1 is 85sumed. The value of the ST~P "lBY bp­
~lther no~lt1ve or neo~tlve. St~rtinq ~nrl enrlinq vAlu~~ of the FORI 
NEXT 1000 are included in the FOR stAtement. The 1000 is reoeated 
when the NEXT st::ttement h~s bp.en executed nrovlderl the unoer 11"l1 t of 
the FOR statement has not been reached. When the UDoer limit is 
reAcheri •. the nrOQrA"l will exi st fro"" thp. FOR/NF.XT loop. NSC Tiny 
R~SlC CAuses an error break if the variable in the NEXT statement is 
not the c;arne VAriable A!=i that used in the FOR c;tAte"lent. 

FnR/NFXT looo~ ~Ry he ~p.~ted. an~ NSC Tiny BASIC will renort an error 
if the nestinq 1 evel hecornes too deeD, a rleoth of four 1 evels of FOR 
loop np.stina is ~llowp.rl. A FOR 1000 will be executed at leRst once, 
even if the initial VAlue of the control variAble Already exceeds its 
!-)ounrf5 before c;tRrtino. Thp. followinQ nroqram would do nothinq hut 
orint the odd inteqers less than '0~. 

1 ()I N = 1 .-;wt 
?0 FOR 1=1 TO N STEP 2 
3'" P -? I NT t 
40 NEXT I 

~.3.9 LINK Statement 

IREM UPPER LIMIT 
IR~M START AT 1 WITH STFP OF 2 
.REM PRINT A. NUMRER 
IR~M REPEAT (at Line 20) 

Control ~Ry be trRnsfp,rred from an NSC Tiny A~SIC oroqra~ to an INS 
A~73 machine l~nouaQe routine by means of a LINK Statement. This 
~!lows thp. U5er to mAke ut:;P. of routin~s which "'Ay be more efficiently 
oRrformed in MRchine lanou~qe. ~ state~ent of the for~ LINK <arldre5~> 

wi 11 CRtl5P control to he trAnc;ferre~ to th~ INSA~73 machine lAr'Y-lIJaae 
routine startina At <~drlress>. Control 1s transferren bv execution of 
R JSR inc;truction. The nointer~ may be ~odifferl by the routine. P3~s 
v(-llu~ 1~ unnrel."fictable, ;:.nrf P? !'1oints at the stArt of A-Z vAriahlp. 
stor~qe. VRriables are storerl 1n alphaheticRlly ascenrl1no order, two 
h'ltP.5 p.~ch. low order hytp. firc;t then h1ah-order byte. 
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~xamolet 

>1f'1 LINK #1 R~~ 
>2~ IF A=0 THEN PR "SENSE A IS LOW~ 
>30 IF A=1 THEN PR "SENSE A IS H IGHtI 
>99 STOP 
>RUN 
SENSE 4 IS HIGH 

STOP AT 99 
>RUN 
SENSF A IS LOW 

STOP AT 99 

I 
2 0I~0KiJ 

J 1800 06 

.TITLE SENSE 

.·(iIIA~fiY 
,'¥, 

LD A,S 
AND A,=16 
BZ LOW 

NSC Tiny BASIC transfers to -
arid re 55 '1800 to rea1 
sensor. 

ProQram trAn~fer5 back to 
NSC Tinv RASIC 

4 I 8'" I 0 4 I (., 
5 IR~3 6C02 
6 1805 C401 
7 I ~~7 CA.~ 
8 1809 5C 

LD A,=' 
Sf A,0,P/. .STORES ACCUMULATOR INTO LOC~TION . 
RET OF VAHIARLF. A 

9 "''''00 .END 

?3.10 ON StRte~ent 

This statement is used for oroCe55inQ interrupts. The format of the 
c:;tRtem~nt iSI 

ON interruot-#I, line-nu~ber 

When numbered Intpyruot (interrunt-I) occurs. NSC Tiny BASIC executes 
~ GOSUR state"1ent beol"ninQ at line number -IIlinp.-nUf'lbpr". If "line-
number-II is zero, the corresoondinq intp.rruot i5 rfiSRbled at the soft­
ware Ip.v~l. Intp.rruot numbers may be , or 2. U5e of the ON statement 
disables console interruots (BREAK function). Interruot~ must Also be 
en~blerl at the harrlwAre level by settina the Interruot Enable bit in 
the status rp.qistpr (for p.xBMole, u~inq STAT=I>. 

2 • 3. I' ST OP 5 tAt em en t 

Al thouoh the lAst line of ~ nrooram oOPS not nperi to b~ A STOP c;tate­
ment, it is B useful debuooino tool for oroQrams. The ~rop statemp.nt 
~ay be in~erted a~ bre~koointc; in an NSC Tinv AASIC orooram. 

When NSC Tiny BASIC encounters a STOP statement, it orints R stoo 
meS5AQp. anti thp. current line number. It then returnc; to the edit mori-=!. 
Thus. the oroorammp.r can see whether his orOQrAm reached the rlesired 
ooint. Any number of STOP ~t~temp.nts ~Ay Aooear in thp. nroQram. By 
-removinq the STOP statelTlp.nts. one hv-one. A oroor~m CAn he tec;ten by 
I")Brtc; until the c1ebtJoqino orocess is comoleterl. 
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Fxecution of a c;t.onoerl nroQram ",ay be continlHtri after thp. STOP hy a 
CONT (cqntlnue) command. 

2.3.12 DF.LAY Statement 

Thl~ st~te",ent rJelays NSC Tiny B4SIC for "exnr" time un! ts (nonJinally 
mi 111seconrls, I-J04CiJ). Delay 0 Qlvp.~ the "l8xl",u", delAy of ''''40 ",Ill i­
seconds. The tor~at iSJ 

DELAY exnr 

ExamDlet 

>10 DELAY 100 Dp.lav 1~ milliseconds. 

:2 • 3 • 1 3 CLf A R 5 ta t p.m P, n t 

This statement tnltlalize~ all variables to:'"':0~~rfisar>les Interruos. en­
~bles BREAK cAoahilltv fro," the console, and resets all stacks COOSUR t 

FOR-NEXT, DO-UNTIL). 

~xamole. 

Break is disabled, Interruot 2 is enabled. 
• 
• 
• 
• 
• 

>300 CLEAR Brea k is re-enr:.bl ed, I nterruot 2 1 s. rl i sabl P,rl. 

2.4 Indirect Operator 

Thp. Indlrpct Onp.r~tor 15 an NSC Tiny BASIC p.xclu~lve. at least in the 
reAlm of AASIC. It accoMolishes the functions of PFFK and POK~ with ~ 
less C(JmberC\ome ~vntay. The Indirect Ooerator is a WRY to Access abso­
lut~ memory }oc;:ttlon Rlthouah ftc; Ronllcritlo.,c; Are not limited to th~t. 
Its utility is esoecially siqnificant for microorocessors. such as the 
INSR~73. wher~ InterfAci~Q Is co~~~~lv n~rfor~~rl through memory ad-
d re ssinq. 

An "Rt·n siQn (I) which nrec~eds a conc;tRnt. a variable or an exore5sion 
in oarenthesAs C~U5~S thAt con5tRnt. vari~hle or exnression to b~ U~~~ 
as an unsiQned 16-bit address at which the v~lue is to be obt~ined or 
~tored. Thus, If an 1nnut device hRs an adrlrP'5~ of N6AOJo} (hexarlecimRI). 
the statement I 

LET X=@*6RCil~ 

woulrl l~out from that dpvice ~nn assiQn the value of the Innut to thp, 
variable X. If the address of an outout device was '6~01. the state-
"en t I 

aI6R~J=Y 

woulri outnut the least siqnlflcant byte of Y to the device. 
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The indirect ooerator ~ccessino ~emory locations only one bytp. at a 
time. ~n Rssiqnment such ~s ~A=~48 chanaes the memory lneation ooint­
en to hy ~ to ~4R (1111 I~~~) binary. ~ince 248 can be p.xorp.~~p.rl ~s onp· 
byte. However. an assionment such as ~A=?5A chanogs the ~em~rv location 
nointprl to by ~ to 2 becau~e the value of 'SA cannot be e~oresserl by ~ 
sinolp. byte. A~ shown belowt 

25~ = 1 ~"'OO OJ010 
1~ 1 I 

extrl'l bi t-1 Lone byte (store? into locl'ltion to ,,:hich A would ooin tl 

Only the least sioniticant byte of 258 (which is ~) is storeri at th~t 
~ location. The p.xtra bi t would be lost forever. 

A~ ol~cp. that'"· A- variRhle. such a~ B. would be leQal •.. the conc;trtJct 
-~ would ah;-o be leqa 1. The meaninQ of OB I Sl:-,i~~th~p. byte located at 
the m-ernory lOCAtion who~e acfrfress i~ the valup. of 'B-. Other ex~moles' 

4~ L F.T R=6P1OJ0 
S~ L FT @ B= I 00 
6"" LFr C=~B 

J.7", P R I NT @6 ~~0 
8~ LET D=~C4+1~*D) 

A~51Qns 6~OJ~ to R. 
Stores dec-1ma I I M in memory locat Ion 6000. 
Sets C=to 1 '!WI. 
Prints 100. 
Sets D=the va lue stored in memory locat ion 
( A + I CiJ*D) • 

PArenthec;e~ Are required when annlyinq Ci. to an exoression. 

2.5 Multiol@ Statemp.nts On A Line 

More tnan one statement can be placed on one orooram line. Thi5 Is 
Acco~olishen by nl~cinQ A colon betwp.en the statements. ReAdahility 
of the oroqram CAn be i~orovp.rl. ann me~ory ~OAce can hp. saven by usino 
this technique. As an p.xamole of the uqe of multiole stntements' 

2(}JOj PRINT liMY GU~SS IS".Y'PRINT "INPUT A POSITI"~ NUMR~R"" 
INPUT XtIF X <=~ GO TO 2~ 

I f X I s n~aati VP. or zero, the user wi 11 be i nstruc ted to ent er a 
nositive nU"1hpr. ann the OrOar8ft'l rettJrn~ to Line 2~~ for A np.w QtJe~s. 
If the user han entered a oosltive numher correctly, thg orOQrAm 
would hav~ orocp.erlerl to. the next numhererl linp. after Line 20"". 

Care in use of multiole state~~nts oer line ~U5t be exercised. The 
above eXAmole ~howc; thRt if the conrlltion of the IF STATEMENT i~ fAlsp., 
control 15 oassed to the next oroqra~ line. Anythlna elsp. on th@ line 
co~tRlninq ~ultiole ~tAtements will he icnored. 
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2.6 strtnq Hanrlli~a 
''; 

String inout may be accomolished by executlnQ A statement of the form 
INPUT $ F, wher~ F is ~ Factor ~ynt8ctically (~p.~ Grammar). When the 
oroQram reaches this st~tement dur1.nQ prooram execution, NSC Tinv BASIC 
nro",pt~ the user with A ou~stion "'Ark (?). All line edi tina ch~racter!; 
mAY be used (back soace. line delete. etc.). If It control-U 15 tyoed 
to delp.te an ente reo I1np,NSC Tiny BASIC will continue to oromot tor a 
line until a line Is t~rmlnated by 8 carriaae return. The line Is 
c;tored In consecutive locations c;tartlnQ At thp. addres!'\ oolnted to bv 
F. un to anrl inclurlino thp. Carri8Q8 return. ~xa"'Dle' 

'0 INPUT $ A may also h~ written 20 INPUT SA 

and inoutc; it strinQ to successive memory locations 'startlno 
iii t A. 

2.6. J S.trfng Outout 

An item In a PRINT statement CAn include a strinQ variable In the for"1 
of sa, where B is a tactor. When the print stRte~ent is encounter~d 
durina oroQram ex~cutlon. the 5trlno will be orinteo beainnlno Rt th~ 
address B uo to, but not IncludinQ. a carriaae return. A keyboard 
interruot"will ~l~o tp.rminata the orlntino of thp. ~tr1no if detected 

. before the carriaoe return. Examole. 

5VJ PRINT SR orlnt~ the ~trlnQ hp.oinnina at the loc~tlon 
oolnted to hV "A". 

~.6.2 Strina ~ssiqnment 

StrinQ var1Ahlp.~ CAn bp. assiQnen to characters in Quotes .,ust as othf:'r 
VAriables are a~~lQned numerical values. ~ statement of the form SC= 
"THIS STRING IS A STRING" (when encountered durirto oroaram execution) 
would c~use the characters in quotes to be stored in memory startinq at 
thp. adrlres5 inrlicated by C UP to and inclurflna the carriaae return. 
Examolel 

70 SD='''THIS IS ~ STRING WITH NO INPUT ST~TEMENT .JI 

A "TJ· is stored at location "D", anrt H at location "D+." etc. 

2.6.3 Strinq Move 

Strlrtos can be moved from one memory block to another memory block usinq 
this feRture. ~ stAtement of the form SA=SB (where A And R are Factors) 
will trAn~fp.r thp. charactp.rs in memory bp.oinnlna with thp. arldrec;c; R to 
ttlP. memory beoinninq wi th arl1rpss A. Th~ l~st ch~ractp.r. nor",~ll v a 
carriaae return, is also conied. Also. a st~te~ent such as S(A+I)=S4 
W 0 IJ ] ri h P. rl i c; A Cj tP ro u c; ~ 1 n c P. 1 t c a IJ SP. c; t h P. P. n t 1 r e con t P. n t S 0 f t h ~ R ~ M to 
he filled with the first charActer of SA. 
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2.6.4 Strino Examole~ 

I~ A=TOP 

20 C=TOP+IPl0 
3fi1 D=TOP+;>"'''' 
40 INPUT SA 
~I/I PRINT SA 
60 LET SC= U IS 
7'" SD=SC 
8'" PRINT SD 

2.1 Commands 

2.7. 1 NEW exp r 

THE 

IR~M A POINTS TO FMPTY RAM AAOV8 TOP OF 
PROGR~M 

.REM C POINTS TO RAM 100 AYTES ABOVE A 

.REM D POINTS TO R~M 1~ BYTES 4ROVE C 
'REM STORES CHARACTFRS WHERE A POINTS 

STRING INPUT AT LINE J0M 

IR~M STORES CHARACTERS WHERE D POINTS 
I. 

Thi s conrn1t'nd 'estab 11shes a n~w sta rt-of-nroqram arldresc; p.qu;rl' -"'to the 
value ot"exprJ1 • NSC Tiny B.4SIC then executes its Initi~lization 
seauence which clp.Ars all variable~, resp.ts all h~rdware/softwAre 
stacks, disables interrupts, enahles BR~AK caoabilltv from the console. 
and oerfor'1lS the nonde!;trtJctiveR4M ~earch d~scribed in nart one. If 
the val~~ of fl~xor" points to ~ ROM ~drlrp5~, the NSC Tiny BASIC ornor~~ 
which beqins at this andres,s will be Ruto'TlRtically executed. Prooral"l 
"le"'lory Cinclurlirta the pnrl-of-nroora"l oolnter userf by the pditor) i~ not 
altered by this command. 

EXnmnlp., 

NF.W uSl!d wi thout an arQument sets the end-of-oroQram oointer equal to 
the 5t~rt-of-proorarn oointer so that a rlew proQram may be entered. If 
a oroqram AlrAArfy exists At thp. start-of-orOQr8f"t addrp.sc;. it will be 
lost. 

F.xamnlf!' 

>NEW 10~0 
NEW 

2.7.2 RUN . 

~ets oroqram oointer to I~A0 
SP.ts end-of-orooram '001 nter to J (w.ItC}} 

Runs the current orOarAm. 

Examole. 

>RUN Exp.cutlon beoins at lowest line number 
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~.7.3 CONT 

Continues execution of the currp.nt oroaram from the noint where 
execution was susoended (via a STOP. console interruot. or reset). 
"-'n NSC Tiny BASIC oroQram that 15 execlJtinQ can be interruotp.d by 

ressinQ the BREAK or RESFT keys on the keyboard. Execution can 
be resumed by entp.rina th~ CONT command. 

Examolet 

>JlUN 
THIS IS THE STRING INPUT AT LiNF. 10 
THIS IS THE STRING INPUT ~T LINE I~ 
THIS IS THE STRING INPUT AT lIN~ 10 
THIS IS THE ST~ING INPUT ~T LINE IQI Pre~s BRFAK or RESET. 

'--'c 
>CONT 
. THIS IS THF. STR ING INPUT AT LINE 10 

THIS IS THE ST~ING INPUT AT LINE I~ 
And so on ••• 

2.7.4 LIST (exor) 

List5 the current oroarAm (ootionally starting at the line number 
soeclfied by (exor». 

F.xaf'101e' 

>LIST 10 

191 INPUT SA 
20 PRINT SA 
30 LET SC="'IS THE STRING INPUT AT LINE 10.1· 
40 SD=SC 
Sf)J P R tNT so 
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Section 3 



CHAPTER 1 

1.1 Introduction 

Thp. desion of an INSSQJ73-basp.rl system 15 Quite straiohtforwarri. FIQuree; 
1-1 throuoh 1-3 illustrate this ooint. Fiaure I-I shows a minimum si7.e 
R~M-bAt;~d 5V5tp.rn' thi5 Ie; thp. kind of 5yc:;te'n tJ5en 1n enoineer1no labe; 
for software develoom~nt. For stRnrl-alonp. nrOarA~ onerAt1on a ~V5tP.m 
like the one shown in Fiaure 1-2 can be used. orovided 256 byt~s of R4M 
ar~ AVAll~hl~ for v~riAhle c:;torao~. Floure 1-3 Ie; Rn'; p.xnanc;ion of thic; 
system to allow a 32-bit oarallel 1/0 interface • 

OUT 

RS-232 .~. 

TERMINAL 

IN 

OUT 

TrY IN 

HDR 

. ADDRESS 

S~/INTA 

INS8073 

Fl 

RELAY Fl 

ADDRESS 

DATA DATA 

NRflS READ 

NWDS WRITE 

EXTERNAL 
PROGRAM RAM 
(I nc ludes the 
~56 bytec; useri 
by NSC Tiny RASIC) 

SB/INTA 
USER 110 

F3---~ 

NOTE' It is not necesc;ary to hav~ a ITY And an RS-232 terminal. 
Either one may be omitted. 

Fioure 1-1. Minimum RAM-8asp.rl Syc:;tern 
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PROGRA'M 
INS~(.-J73 ROM/EPROM 

SA/INTA ADDRE ADDRESS 

SB/INTB DATA DAT~ 

USER FI NRDS ENABLE 

F2 
RAM 
(256 RYT~S 

F3 MINIMUM) 

ADDRESS 

D~TA 

RFAD 

NWDS WRITF 

Figure 1-2. Minimum ROM/EPROM-Rased System 
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INS8013 

-.I~~/INT~ 00-07 

R/INTR A"'-AI5---

-----
NJ?DS 

NWDS 

MM27 J 6 

D~-D7 

~0-A 1'" 
cS 

OE 

DCiJ-D7 

NRDS 

NWDS 

INSA154 

A0-A6 
MIlO 
CS0 
CSI 

00-D7 

NRDS 

NWDS 

PA~-PA7"~ 

PR?I-PB7 

32 110 
LINES 

PA~-P A. 7 

PR0-PB1 

Fiqure 1-3. I/O Exoansion of the Minimum ROM-Baseri System 
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1.2 An NSC Tiny ~ASIC ~xA~nle Sv~tem, nmctionA} So~cificAtion 

It is ohvious, fro~ th~ nreceriinq eXAmol~~. thAt bv usina only ~ 5~all 
number of ICs, an extremely oowerful and. flexible system CAn be easily 
op.veloop.d. To illuc;tr~tp. this noint, WP. will rjpc;iQn R c;ystp.m to 
satisfy all of the followino reauirementst 

1. To allow the user to enter. debuq An~ execute H4M-based NSC 
Tiny BASIC nroaram~ un to '3~ 11nec; i~ lenath. 

2. To interface to a terminal or TTY for oroar~m entry Anrl 
debuo. Mliltin1e datA rate') (IJOJ, 39t~, 1~~0anr1 4AOI~ RAUd) 

c;houlrl be c;unoorted. 

3. To allow the user to transfer ~AM r~sident 9roqrams into 
EPROM. 

4. To ~llow an F.PROM orooram to be run in A r~al-time control 
aool1cations where a ter~inal is not oresent. 

5. To hov~ amolp. I/O caoability flp.xihle el"lolJqh to interfacF' to 
most user systems. 

6. To nrovide the uc;er wi th "scratchpad ll RAM for use when a ~c;~m­
bly l~nqu~qe subroutines Arp. invokerl ViA the MLINKM c;tate~p.nt 

7. To suooort at least two interruots. 

8. To fit the pntire sV5te~ on a slnale 5" x 7" PC car~. 

9. To sAtisfy nIl rlesian rp.Quirentp.nts uc;ina A minimum nt",ber of 
Ie's. Fxoansion of the minimu~ syste~ should be acco~ol15hed 
hy qlmol~ arl1ition of "ootional" RAM, FPRnM anrl I/O rlpvic~c; 
on the PC card. 

A.lthouqh rTH~p.tin(l all of thp Ahove rp.afJirp.fTl~ntc; mAY At firqt seen" diffi­
cult, these obJp.ctlves are easily att~inahlp., AS the followinq oarr:t­
qrnnhs will show. 
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1.3 Hardware Oesion of a Small INSA~73-Based System 

~ 5vstp.m that meet~ all of the ahove de~iQn requirements is shown In 
Fioure 1-4. The tvne, deslQn~tion Ann function of each I~ c;hown ie; A<; 

follows. 

Ie TYPr:: 

I NS8(IJ73 

MM2114 

14LS36A 

74LS02 

Ie DESIGNATOR 

UI 

lJ4A 

U4R 

U4C 

U40 

U4E. U4 F 

USA 

USB 

lJ5C 

U5D 

3-9 

FlJNCTION 

NSC Tiny BASIC proce ssor. 

U2 anri U3 orovide 1 K bvt es () f 
s"ta tic R ~ M • ( E'A c h M M 2 1 1 4:t':~r.o-
vides IKx4 hfts.) . 

Inverter for TTY inout inter­
face. 

Inverter for TTY r~ader relay 
interfac e. 

Inverter for RAM aorlress ~anoinQ 
loqic. 

Inverter for power-on re~et of 
INS8255A. 

TRI-ST~TE inyerter~ for selection 
of mul tin 1 e Baud rn t Poe;. 

Two inout NOR QAte. Used for 
addresc; ~aooino of the EPROM 
o roo rarnm e r. 

Two inout NOR Qate. Userl to 
sel ec t 1 nterruot sourc e( 5) to 
I NS'3f)J73. 

Two inout NOR Qate. Userl in RaU1 
rate selection 10Qic. 

Two inout NOR QAtP.. Used for 
adnress mapoinQ of the INSRI54. 



lM747 U6~ 

U6R 

74LS 123 U7A.' 

U7R 

14LS(it~ URA.R,e 

URD 

74LS139 U9 

MM2114 Ul~-lJ'5 

MM2716 U16.U17 

INSR255A UIR 

The lM747 15 a dUB 1 OP "me. U6A 
buff~rs the nositlve/neQAtiv~ 
voltaoe levels rec~lved from thft 
RS-232 comnatible innut to the 
TTL l~vel~ reouired bv the 
INS~QJ13. 

U6A buffers the TIL levels Qen­
erAtp.ri by the INSR~73 to th~ oo~­
Itlve/neQatlve voltAQe levels re­
Qulrp.d to rlrlve the RS-232 com­
PAtiblq outout. 

Th ~ 74 LS J 2.3 1 s a rl ual On P.- c; ho t • 
U7A orovjrf~s Arleau::tte adrlre !=;s/ 

. data setuD time to DfQ.€lram the 
MM?716 ~PROM. . 

U7R orovides the 5~ msec oro­
orA!11'nina oul c;e reoui red to wrl te 
1sta into the MM2716 EPROM. 

U8 is a Quad NAND qate. UHA, URR 
anrl U8C are uc;erl in th~ Raurl rate 
sel~ction looic. 

Used in the R~M adrlress mAooinQ 
loqic. 

Dual 2 line to 4 line decoder 
with Active low outouts. ~ro­
vides address maooino for RAM, 
EPROM Anrl I/O les. 

Provirle An additional 3K hvte!=; 
of ootional R~M orooram memory. 

Provirle un to 4K bvtp.s of ootlon­
a1 C.PROM proqrAm memory. (E~ch 
MM?716 contAins 2K bytes.) 

Ootional Proqrammable Perioh~ral 
Interface chio. Provides 24 I/O 
lines thAt mAy be u~ed to inter­
fACP. with the user's SY5t~"'. 110 
oin5 ~~y he orOQrAmmed AS 1nouts, 
outnut~ or bi~ir~ctlonal. in­
clurtino the reQuired hand5hake 
slqn~l~. (Refp.r to the INSR2~5A 
DAtA Sh~et for aOditlonAl infor­
mation. ) 
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INS81 ~4 U19 Ontional I?A byte R~M-I/O chiD. 
Provides I?R byte~ of ~crAtch­
DAn RAM tor use in assemhlv 
l~nQuaQ~ suhroutln~5. ~l~o nro­
vides 16 1/0 lines that mAY be 
indlvlrluAlly nroarAm~~rl ~~ 1n­
out or outout, includina strobe 
"'oOe wi th hAndshrtkp.. (Refer to 
INS81~4 DAtA Sheet for addition-
al inforoation.) 

Note from the 8bove tabulation that thp. ~lnimu~ system consists of only 
nine IC~~ Ul - U9. TOQether they orovidp IK byte~ of RAM proqra~ mp.~­
ory, an RS-232/TTY interface, an MM2716 FPROM Droqrammer, auto~atic 

~flruJd rate ~election and cornolete decodina tor,th~t.ullY exo;:tnded 
'c:;·y~te'TI. Thr-,..flflly e~nAnderf ~yc;tern c;onsi~tc; of 19 IC'c;. 

Fiaurp. 1-5 Photo of NSC Tinv RAS Ie Ca rd 
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1.4 Addressinq Reauirements/CAoabilitl~s of Each System r.omoonent 

EAch of the system comoonents shown in Fiaure 1-4 must be as5ioned 
to Addrpss locations in ~e~ory. The built-in Adrlre~s decodina cao­
abili t~· of each 5ystet'T' comoonent can be slJmmar17~d as follows' 

4K Bytes of R~M 

Each of the four oairs of MM'IJ4 chiD~ fully rlecodes ~10 bits and 
can be selected via one active low select oer DAir. 

4K Bvtes of EPROM 
':, 1 

Each of the two MM2716 EPROMSs' rull V decodes 1 I bi.t~ aha nrovldec; 
two active low select 11ne~s oer device for readinq of data. 

I NSR255 

The INSA?55 contains three 1/0 Dorts and one control word reoister, 
all of Which are decoded on chin via two Addr~5s inout lines. The 
device 15 enAbled vi~ A sinQle active low selpct line. 

INS8154 

The INSHI54 contAins I?B bytes of RAM, two 1/0 oorts anrl two rlata 
directiQn reaisters, all of which are decoded on chio via eiQht 
Addre~s line~. The device 1~ enablp.rl ViA one Activ~ hiah select 
line And one active low select line. 

Aaurl Rate Selection Loaic 

The INSRV'l13 selects the Baud rate by readinQ the contents of 'np''l'\ory 
location X'FO~0. To orOar-3rr'f thp. Baurl rate, this locRtion mtJ~t be 
decoded via external loqic, And the AoorooriAte Ioaic levels suoolip.d 
on dat~ lines I, ~ Rnrl 7. (R~fer to R5-232/rurrent Loon Intp.rf~ce 
section for Rdditional details.) 

FPROM PrOarArm~r 

To nroorarn nn MM;:>716 EPROM, addresc;/data are 5unolied by the INSA0'73 
to the 2116 socket UI6 in FiQure 1.4. When VPP = +?5V And Adiress/ 
~ata are VAlirl, 8 sinal~ bytp. m~y be writtp.n hy orovldina a 5~ ~~ec 
oroqrammino oulse to nin 1A while the chin ie; deselected via a lOQic 
1 on n i n20. A bytp. which ha ~ been written !"flAy he sub~eqtJent I y reAri 
by simoly sUDolyino the correct Arlrlress anrl orovirlino ~ l60ic ~ on 
nin ?0. (Refer to MM2716 DatA Shp.et for ArlrlitionAI rleta115.) 
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1.5 Memory M~ooinQ Constraints For All System Comoonents 

The co~oonents rlescribed Rbove can be mADoed into memory in a vnrietv 
of wAy~. Thp ~y~tem.con5tr~ints imnosed uoon thi5 mannina are the 
fo IlowinQ: 

1. The decorllna hardware will be i~olemented u~inQ a ~lnimum nurnb~r 
of lCs.' This imolies that the system comoonents will be only 
nartially decoded, resultinq in ~ultiole imaaes of each com­
Donent in ~emory. 

2. Althouan multiole memory imaoes of each syste~ comoonent may be 
nrec;ent, thp rnnonina h~rrlware will be desiQnen e;uch thRt it 1~ 
imoossible to en~hlp. more than one ~y~tem comoonent At ~ tlmp.. 
This rp.stric:t-ibn eliminAtes the oosstbflity of r..:tu!;inq datA blis 

,~Lc,~:onfl iet Ae; the resul t of, AnroQra""Ttino~·error •. ~(~~~~~~a bus ,l:.on­
:'. f-Ilet could cause trr:tnsfY'lission/rec~iot of invali'rldata and chio 

dA'TIAO e. ) 

3. NSC Tiny RASIC oroorAm RAM will he decorl~rl as R contiauouq block 
c;o that the INS~Pf73 can successfull v lrlentify the beal nnina anrl . 
the enrl of thp. nrOnrA'" RAM thAt ie; ~ctlJal1y oresent. 

4. The RAM nnd the 1/0 oorts of thp. INSAI54 will be locat~d in the 
Add rp. sc: r~no P. X'TFOW! - X" FFR F. Thi c; a 11 owe: I NSR?t 7 3 A ~s p.rYlb 1 y 
Iflr')qlJ8oe 5nhroutinos to ArlrlrP'5~ thp INSRI54 uc;inq t.he DIRFCT 
arlrlrp~c;inq morl~. CUc:;e of DIRECT adrlre~c;ina elimi~atec:; the np.e1 
to dedicate or multiolex a oointer in orrler to adrlres5 the 
INSA154. For additionAl details on OIRECT addressino, refer to 
thp INS807~ DatA Sheet.) 

5. When on-CArd FPROM is orp.sent, it will be locaterl startina at 
~d1re~c:; r"R~~~. This ~llows the system to be used in rp.al-time 
control .AnnllcAtionc; wherp. a terminal I!=; not oresp.nt. 

All of the above constrAints Are C:;Atlsfied by the memory asc;iqnrnent 
shown in Fiaure 1-5 ann Fioure 1-6. FiQure 1-5 shows how the ~4K 
addrec:c:;inq soace of the INSA073 is to he nartitioned. Fiqure 1-6 
shows the address hits (in bolrlf~c~) th~t Are actually decoded by the 
Lardware c;hown in Fiqure 1-5. resultina in multiole (hut not over­
lannina) ~~morY i~aaes of p.Ach comnonp.nt. The locations of these ",ul­
tiole imAqes are Rlso shown. with address bits AI? - A1S soecifyina 
one of 16 ooe;sibl~ ~emorv "nRa~~". each of which contain~ 4K bytes. 

1.6 System Generated Interrupts 

NSC Tiny B4SIC suooorts interruots via the "ON" statement. As shown 
in Fiqure 1-5. interruots q~np.rAterl by the INSR154 ann/or INS~255 ~ay 
be connected, At the user"s discretion. to thp. SR/INTR oin of the 
IN58073. When thi~ is done the INSR~73 SR/INTA Din mAY b~ used to 
detect interruDt~ U'1rier control of thp- tJ!=ter"s nrOQrAf1'1. If interruotc; 
are disabled, the SR/INT8 Din mA~ be emoloyed AS A sense oin that can 
he p'"(~1'fl in~:vi viA thp. NSC Tiny RA.S IC "'STATU Func tion or th~ flON" Sta te-
mente 
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HEX ADDRESS 

• 
• 
• 

I ~oo-, 3FF 

1400-1~ 

I 8"'0-1 R FF 

IC""~-l FfF 

• 
• 
• 

MEMORY CONTENTS 

INSAQt73 'oN-CHIP 
NSC TINY BASIC 
INTFRPRETER 

• 
• 
• 

RAM~ (IK RYTFS) 

RAM 1 elK BYTFS) 

RAM 2 CIK AYTFS) 

R 4M 3 elK BYTES) 

MM2716 EPROM 
PROGJ? AMMER 

• 
• 
• 

HEX AOORJ::SS MEMORY CONTENTS 
-~~------~-~-~---~-------~-~ 

ROM ~ (2K RYTES) 

AA~"'-R rFF ROM (2K RYTES) 
• • 
• • 
• 

F1~0-F7Qt3 INS8255A 

-~-------~---~--~--~~---~----
• • 
• • 
• • 

BAUD RATE SELECT 
----.-..,-------------~-----~-~-~-

• 
• 
• 

FF0"'-FF7F 

FFA(il-F FA4 

• 
• 
• 

INSR154 R~ 
(128 RYTES) 

INSA154 lID 
PORTS/CONTROL 

.-~------~----~----~------------
• 
• 
• 

FfC~FFFF 

• 
• 
• 

INS~013 ON-CHIP 
RAM (64 BYTES) 

F ioure 1-6 Parti tioninq of the INS8~13 64K 4ddrp.ssinQ Space 
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,..-.... ---------------... --... ----~-------------------~--------.----.. 
ADDRFSS BITS 

~~---~-.------. .. --------------!_----~-~-----iI" .... ------------
15 14 13 12 11 10 9 8 765 4 3 2 o 

~ ... ------... -----~------------I-----... -------.. ------------o X X X 

o X X o 0 X X 

'" X X X X 

; c~ X X OJ X X 

.0 X X x X 

X·· X VJ o X X X 

x X ~ x X X 

'1 X X o X X X 

x X X QI X 

X X x X 

x X X X 

X X .. X X 

x X X X 

x X X X 

x X X X 

x X X X 

x X X X 

x X X X 

x X X X 

x X X 'i 

x X X X EPROM PROGRAMMFR 
(X'2 AA~-X'27 rF) 

X X X X, RAM 0 (X~J~00-
X,'I JFF) 

X X X X .RAM J C X' 14tileJ­
X'17FF) ~~ .. 

X X ,X X RAM 2 (X'IA~~­
X'I XFF) 

x X X X RAM 3 eXJ 1C00-
X'I rtF) 

X X X X ROM 0 (X~A~~A­
X"87 FF) 

x X X X ROM 1 (X"88~~­
X-'R FFF) 

X X X X INSA255A (X'F7~0-
X'F7CiJ3) 

X X X X AAun R4TF SELECT 
( X'FDOO) 

x x x X INSRI54 RAM 
( X' FF ~"'-X' FF1F) 

x X x x x X INSAI54 1/0 PORTS 
~----------~------------~----------~--------~ (X'rFR0-X'FF~4) 

X X x x X 

NOTESt I. "X" refers to ~n fJrlrlresc:; bit that mRy be zero or one. 
2. Bits that Rre actuAlly decoded by the h~rd~Are shown in 

FiotJre 1-4 RnneAr in bolrlface tyoe. 

Table I-I. Address 8its 
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lJecodino only the'lnrllcateo adrlr~ss bite:; results in th~ followi'1Q 
multiple" memory i~Aqes of each comoonent. This list is orQanize~ in 
three column~. The·flr~t column shows thp. co~oonent. the Sp.co~~ ShOW5 
the oage in memory into which that comoonent Is maDoed, (oaoe numbers 
ranop. fro~ ~ to F. p.8ch n~op. beino 4K bytP.5)' Rnn the third ~howc:; how 
the elements of a shared oaqe are subdivided. 

COMPONENT 

EMPROM PROGRAMMER ~. 

4K RAM 1 • 

4K ROM 8 .. 

·INSR255A "9. 

BAUD RATE SELECT 9. 

IN58154 9, 

P~GES 

2. 4. 

3. 5, 

At C~ 

B. D. 

R. D. 

A. D. 

6 

7 

F 

F 

F 

F 

ADDI TION~L 
CONDITIONS 

All = " 
All = I. A9 = ~ 
A II = I t A9 = 

Fiqure 1-6 Address 81 t Decodinq for the SYstem 

1.7 RS-232/Current LOOD Interface 

The described Baurl rate Is automaticallY selected when the INS8013 ie; 
initialiled. or when a "NEW·u cOfTl'lland is issued. Initialization is 
auto"latic.=tlly accomolished at vee nower-on hy RI and Cl In Fioure 1-5. 
(Pressinq switch 51 also causes the INSA073 to be initializerl.> The 
B Ci II d ra te i ~ t um r) P. r c; e 1 e c ta b I e a c:; foIl ow 5 t 

BAUD E16-F17 El R-EI9 
HATE JUMPER JUMPER 01 02 01 

110 PRESENT PRESENT 1 I 
3VJ0 PRESENT ABSENT I 9.' 

1200 ABSENT ~RESENT '" 1 
48"''' f\BSENT f\ASENT fit ~ 

If only the· 110 Raurl ratp i~ reauirerl. oulluo resistors on data linp.~ 
DI. D? and 07 reoresent the only external hardware reouired to select 
this rate. 

~s shown in fiqure 1.5. the INSA073 FI flao i~ double huffererl to oro­
virip an RS-23? cornnatiblp vol tAQe outout anrl a ~Qlma current outout. 
Posltivp. ~nrl np.qAtlve RS-232 levelc:; Are qeneratprl by the LM 747 on 
amn. The?~ "lA current rlrive is oroduced by transistor switch QI and 
Resistor r?15. 

i'he INS8073 R? flaq is used to enable/disable the ITY reader relay via 
tran~itor switch 0' ann c'Jrrent li~ltinQ reaist~r R2. These comoonents 
will suooly 2~ ~~ of current to a J2V (6~~) rp.lay. 

The INS9~73 will Recent ~~rl~l ASCII Innut dAt~ In its S~/lNT~ inout. 
As shown in Flqure '.5. the RS-232 1nout. slanA 1 is selected via a 
iuroop.r betwp.en E5-E6. or the TrY innut c;ional '!lay be c;elected via a 
1umoer betwp.en E6-E7. 

3-16 



CHAPTER 2 

2.1 MM2116 EPROM ProQramrninq Software 

An NSC Tiny RASIC utility proQra~ that oroqrams MM2116 EPROMs, and one 
thAt will work with th~ system shown in Flqure 1-4 1s shown in 4oo~ndix 
D. A PROM with thi5 oroorAm "'tJ5t be oluoaed into socket UI7 to ooerRtp. 
these utility oroorams. The oroQram~ino software is called from NS~ 
Tiny BASIC by tynino t 

>NFW #8AOO 

This o"rOQram decodes Anci exec utes the follo~lno ten comVlands I 

COpy 
PROGRAM 
VER I FY 
F.RASF. CHECK 
FILL 
DUMtJ 
LOAD 
ASC I I LOAD 
WRITE 
RF~D 

Each cO~Rnd is ciesionatp.d by a ~inole command letter followed by 1-3 
address and/or data tieirls •. The user is oro,"oted for acommano inout 
by the !llp.C;5Aoe UCOM?.t'. In r~50onc;e to this, R leQal co"",anri in the 
oroper format must be entered. If an flIeoal com~anrl letter or im­
nroner for~at are employed, the user will be promoted to re-enter an­
other cO"'lmanri by the me5Saop., "INPUT .FRROR. TRY AGAIN." Adtirec;ses 
An~ datA shoulrl be ent~rprl in hex~rleci~al, without the orecedinq "*M 
siqn. ~ddress And datA flelrls shoulrl he delimited bv slashes C/) or 
hv COMmas <.>. SnACp.~ Are ootional r:tnrl Are ionoreti. For convenience, 
tldefaul t It Addresses anrl/or data are a ssoc fated wi th each command. 
These def~ul t values a llow the user to enter onl y the com"fland 1 etter, 
followed by a carriaoe return. When this 1~ none the default value~ are 
substituted for the Address/data that WFl5 not ~nt~rert. The default 
VAlues RrP. ore5et to the Most commonly used address/data for p.ach 
com~An~ •. When the default values are unsuitable, the desired addressl 
rlAtA rnuc.;t he entered. 

Tne commands are discussed in netail in the followino oaraoraohs. 

?::> COpy Command 

FORMAT. r, ~ourcp.-startina/50urcp.-enrlino/destinAtlon-startinQ 

FXAMPLEt C RP~~/820~/14~0 

OF. F~ lJLT 
VALUES- r, 110Qf/' I "''''I J 100 
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The COPY.commanrJ tlCJ· copies the source to destination, which must be 
RAM. The 50urce Is soecitfed by It~ st~rtlno ~nd ~ndina addre~~. Thp. 
destination is soecitied by its startino address. To insure that the 
~ource 15 correctly cooied, each byte 1s read after it is written. If 
~ mismatch 15 detected between source and riestinAtion, An error messaae 
Is orinted tor each incorrect byte. Th~ mp.ss~oe fo~at is slmilRr to 
that described for the PROGR~M command. 

In order to prevent acclrlentRl de~tructlon of RAM ha~erl nroara~5, the 
default values for the COpy comm~nrl are oreset to cony the t1r~t byte 
of available oroQram RAM to It5elt.~ 

2.3 PROGRAM Co~~nrl 

FORMAT' P source~~tart il1Q/souTce-endir:lo/dest inat1on-5ta rtlno 

EXAMPLE' P 1100/1 ~M/2"'OO 

DEFAULT 
VALUES' P lJ~~/18FF/2000 

The PROGRAM command liP" transfers an NSC Tiny BASIC source orOQrAm to 
thp. MM271·.() EPROM (U16 1n FiQure 1-4). The source OrOarRI'Tl 1~ sopclflp.d 
by its stArtinq and endino address. (The endino address of thp. sourcp. 
~Ay he eA5ily obtAined hy examinino the NSC Tiny BASIC TOP vAriahle.) 
The ~OUrce reroAin5 llnchanQeri by the nroorAmminq oop.rAtion. Since the 
E~ROM nroqrAmminq hardWAre is maoop,d into address 2. the startinq 
Rrlrlress of the ~estlnatlon mu~t always beain with hexarlecimal "2 ff • Thp. 
1efault VAlues for the PROGR4M command fi lIs U16 with the NSC Tiny 
HASIC orooram lOCAted In thp first 2K bytes of Available oroqrAm 
memory eX·'JI00 - X1 IAFF). If a oreviously oroqramroed EPROM contains a 
ctlJfficient number of unorOor81T1TTlerf hytes. new nroqrAms "'By be added 
without erasino th~ oroqram(s) oreviously written. 

To insurp. that NSC Tiny AASIC oroqrams Are correctly wri tten into 
EPWOM. the PR0UR~M comm~nd automatically reads eAch byte after it Is 
written. If a mismAtch is rietecteri, the followina error messaqe will 
be orinted for eAch byte' 

ADDRESS QXXX S8 XX IS XX 

The X'~ ~bov~ renresent hexadp.ci~~l rllQits. Thp "SA~ 15 an abbreviated 
notation for '''should beJI. Since thp. UI6 EPROM is fT'/~pperl into Andress ? 
for READ onerations (refer to Flqure 1.5), the first rllait of the f:Pf?OM 
arlrlress will ~lwAvs beqin with hexariecimal "8 t1 • (The Address ~ctuAlly 
nr~~e"t~d on the EPROM arldre5~ line~ is aiven by the three least 5io-
n i f ic ant addre ss d ioi ts in the error me ssaqe. ) 
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2.4 VERIFY Co~manrl 

FORMAT. V referenc e-sta rt inQ/referenc e-endinQ/dest inatlon-
sta:rtlnQ 

EX AMPLE' V 8 (?JOO/87.FF/RA00 

DEF~ULT 
V AL U ES • V, I 0(IJ I I 8 FF /A ~00 

Tne VERIFY command ,"V~, verifies th.e destination aqainst the reference. 
The reference i s ~oeclf led by 1 t~ startinq and en·.11no atiiress. The 
destination is sneclfied by its startinq address. The referencp.anrJ 
destination remain unchanQen by the verify ooeration. 

Th~ ~~ault valup.~ for the VERIFY CO",,"'Ann caU5P the UI6 ~PROM to be 
veJtihf.ed aqainst the first 2K bytes ot Available RAM:·"'n4ftr,'nry (X"ll~QJ(f1J'-
X'lAF"F). If a mismatch is detected durino verification. an error 
~essaqp. will bp. printerl for eAch incorrp.ct byte. 'Thp ",e~5aqe format i~ 

similar to that describen for the PROGR~M command. 

Th~ VERIFY commanrl Is lJ5p.ful to check the contents of nroQramrned PROMS 
which may have lost their identification, or may otherwise contain data 
of doubtful accuracy. It does not need to be used after a "COPY'" or a 
"PROGRAM" commann bp.caU5p. a verification i~ performed automatically at 
the end of each of those functions. 

?5 FR~SF. CHECK Co~manrl 

FORMAT' F sourcp.-startinq/source-endino/hexadecimal-value 

~x ~MPLE tV, 10~1 I 1 FF/Q}~ 

DE F~ULT 
VALUES' V A~~/A7FF/FF 

The ERAS~ CHECK command tiE'" verifies that all bytes contained in the 
c;ource Rre equal to the two rfiait hexarlecil1al value specified in the 
last field of the command. The source remains unchanoed by the erase 
checl( oop.ration. 

The liE" commAnd may be us-ed to test whether or not a 11 or o;=trt of an 
MM2716 EPROM is er~sed. The default values for this command are ore5et 
to t~~t thnt the p.ntiro MM2116 EPROM (U16 In Floure 1-4) is erA~p.d. If 
an incorrect byte is located, an error ~essaQe i5 orlnterl. The me55n~e 
format i~ ~i~il~r to that de~crih~rl for the PROGRAM comm~nd. 

Thp. "E" command may also be usen to locate a soec itierl byte in a aiven 
Rdrlress rAnae. In this CR~e all byte~ that are different from the 
soecified hexarlecimal value will be flaooed as errors. 
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2.6 FIll tommand 

.~RM~r. f destlnatlon-startlng/destlnatlon-endinQlhexadeclmai­
yalue. 

EXAMPLE- F J 280/.400/"" 

DEFAULT ' .. I' 
VALUES- F IlfJ0/JaFF/FF 

,. 
The FILL command MF- writes the two"dlqlt hexadecimal WJlue soecltied 
1n the last fl·el" of the command to the destination. Thedestinatlon 
Is soecitied bV Its startlno and endfnQ address. Since the FILL 
COf'J1tand reads e.:)ch byt~ after It Is wrl tteQ,.·af\ error mec;saoe 1~ oriot­
ed wheT~ver the bvt;'i~ r~arl does~~;t match thp, byte wrl t~ftf)·. The YlteSSttC1e 
tortna~t; I s similar to that ~~.-+J0'ed for 1:he, PROGRAM (;ommand. 

The FIll cO"''''.=.tn~ "Asy be used to till all or nart of available orOQl"'8m 
trAM with the erased valueeX.lFf') tor the MM21J6 EPROM. This would 
oorma 11 y be rione ortor to enterinQ A orO(Jram into RAM. The defat.Jl t 
values for the FILL command fIll the first 2K bytes of 8vailabl~ RAM 
with X'FF. If the FILL co","anri is i~su@d ~fter a orOQrAm has entered, 
care should be taken to correctly specify the prooer address ranQe or 

-the orooram ~ay be oartiAlly or totAlly destroyed. 

fhe FILL command may also be used to ver1fv that the oroQram RAM Is 
functlonina. Thic:; can b~ accO'\101ished by executinq th~s command sev­
eral times, usinQ the hexadecimAl vAlues X,'FF and X·'OO. This nroceciure 
will verify that a loqic ~ and a loqlc 1 can be written to and read 
f rom each merrtorv bi t. 

2.7 DUM'" Co~anrl 

FORMAT. D startlnQ/endlnq 

EXAMPLE' 0 80A0/80Ff 

DEFAULT 
VALUES tOil "'~/. ~ FF 

The OUMP CO"1f"anrl "[}" orinte:; out the contentc; of the sop.cified address 
ranae in hexartecimal and AS'CII format. Nonorlnt~ble ASCII characters 
;.'tr~ rlp.c:;ianaterf by A oeriorl. The h~x~declmal/~SCII eouiv~lentc; of c;ix­
teen memory bvtesare orinteri out on each line. in the followif1Q for­
matt 

~F"VJ .3(.'j 31 32 33 34 35 36 37 3R 39 41 4;> 43 44 45 46 "123456789AI3CfJEf 
AFI~ OD 1F OA 51 54 59 fl 12 24 2R.2C 54 4A 49 53 11 ••• OTY •• *+, THIS. 

The four hexadeci"nAl dlo1 ts at the bf!Ofnnino of each line reorec;ent 
the address of the first (lett-most) hyte. Memory contents are not 
riffecterl by the DUMP cOfYn'And. The ('fefault ValUp.5 CAuse the first 2K 
bytes of available oroQram RA~ to be orfnted out. 
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2.R LOAO Command 

FORMAT. L dlsolac ement 

EXAMPLE' L IA0~ 

DF.FAULT 
V~LUES' L OJ 

The lOAD convnanrf "L" loads an assembly lanQu8Qe load module (lM) into 
memory from a oaoer taoe. (For a ~etal1ed descriotioA of the LM taoe 
formAt refer to Anoendix E.) The ~tartlnQ memory location where the LM 
will be stored is specified on the LM taoe. If a dIfferent startinq 
locRtion is reQuired. -3n ootional disolacement (X.",,,,,,,,,,,, - X'.FFFF) may 
he Soecifi ..... P.r1 in the lOAD COmrrland •. ~~. this casB-:.tne ~tarti.nQ#;;:-;arlrfress 
wi 11 be equal to the a{idress SP~U~d on the. eM taoe olus.i,fne dis­
olacement soeclfipri in the LOAD-';,'-:finri. The"oefault valu'e~of the rlic;-
olac ement i S ~. 

The GET routinQ built into the NSC Tiny B4SIC interoreter receives 7-
hit ASCII charActers which are then storerl in memory as 8-bit bytes. 
These bytes have the most siQnlficant bit, B7, set to 0. Since assem­
hly lan~JAae LMs rp.quire receiot/storaae of 8-bit bytes, thp. GET rou­
tine cannot be used to receive assembly lanQuRQe LMs. This oroblem 
CAn be ec9c;ily overcome by wrltinq an 8-bit GET subroutine in Assembly 
l~nauaqe. This ~ubroutine c.qn then be called, when required. via th~ 
NSC Tiny R~SIC "LINK·II statement. The stbroutine reQuire~ less than 
50 byte~ and Is shown in Aooendix D. Thp. bytes that comorise this 
routine ~ay be entered into RAM,one byte At a time, uslna the "n" 
onerator. 

READ COPttMAND . 

FORMAT: R DISPLACEMENT 

EXAMPLE: R 1000 

DEFAULT VALUES: R 0 

The READ command "R" reads a cassette resident program and stores 
it into memory. The memory locations at which the program will be 
stored are specified on the tape as previously described. If it 
is necessary to read a program into memory at locations other than 
those specified on the tape, a optional displacement (X'OOOO -
X'FFFF) may be specified in the "R" comnand. In this case ~he 
starting address for each nATA record will be equal to the address 
specitied on the tape plus the displacement. The default value of 

.the displacement is zero. 

!f a checksum error is detected when a cassette resident program 
is read into memory, the user will be alerted by the nessage 
"CHECKSUM ERR". 
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WRITE (,OMMAND 

FORMAT: W STARTING / ENDING 
ADDRESS / ADDRESS 

EXAMPLE: W aOOO/SOFF 

DEFI\ULT VALUES: W 1100/1EFF 

The WRITE command "W" writes the contents of the specified memory 
address range onto audiQ,.ecas.sette tape. The meJ?ory address range 
~o' be writ~~1.~s specified by its stC!lXJting/ endin~r'addresses.t~. 
NIBL2 sou<~'rograms j:lnd/or assembly language tM's Jtlay be/~'4:tt~a 
on cassette. Stored programs begin with approximately 5 S'~s 
of O's which serve as leader so that the tape speed has time to 
stabilize on playback. The leader also serves as an interprogram 
gap and allows the receiving program to achieve synchronization 
with the clock pulses • 

. "'. 

The tape format consists of one or more DATA records followed by a 
single END record. A DAT~ record is organized is as follows: 

1) A single character (X'AS) which identifies the start 
of each recorfi. 

2) A byte which specifies the record type. (DATA 
record=X'OI: END record=X'03). 

3) A byte which identifies the total number of data 
bytes in each record. The number of data bytes in a 
single data record can range fron 1 to 256. 

4) The least significant byte of the starting address 
where the data record is to be stored. 

5) The most significant byte of the starting address 
where the data record is to be stored. 

6) 1 to 250 data bytes. 

7) A single byte checksum (in 2's complement form) of 
all bytes contained in the data record except for 
the start of record character,' X'AS. 

An END record simply consists of the start of record character 
(X'A5), followed by the record type (X'03) and the 2's complement 
checksum. 
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CHAPTER 3 

3.1 Loading th~ FPROM ~rOQra~inQ Software Into EPROM 

The EPROM oroqramminq software shown in Aopendix G may b~ transferred 
to OAoer tape so th~t it CAn be conveniently used without havl~g to 
retyoe it each time it is Usp.d. This CAn be accom.oli~h€rl by initially 
tyninQ in the program ann then turnino on the TTY paoer taoe ounch 
atter the LIST command has been entered. This orocedure will oroduce 
~ nroara~ li5ting 01u5 a paoer tA~e version of thp. orpgrAm. 

Since the EPROM PToQramminq software occuoies less than 2K bytes. it 
""'CAn be rp.arlily oroararnmeri into a ?716 I=:PROM. Thp.·'re~ulttnQ EPROM 

could then be olac;)ed-; into sock~t U 17 In FiQur:e 1-4. so that thp. F.PROM:·as.. 
nroa~~~~I1C1 softwA>F'e would alw~,v:s he availab,ke WithoutJla!. ~~tnQ to l~~ 
a q~ .. taoe. IJ this is done. the contents of one .~ can stiLl be 
cooied to another usinQ socket UI6 only. This CAn be accomolished by 
t"tlAcinq the sourcp. EPROM into c;oci<et U16 and thp.n using t.hp. COpy com­
mand to transfer the F.PROM contents to the first half of RAM eX,'II0f0-
X'lRrF>. Followinq thi5. the C:;OlJrce EPROM may be removerl from socket 
U16 ~nD an era~erl EPROM out in its nlace. The erased EPROM ~~y thp.n b~ 
prooram~ed in the normnl mAnner. 

3.~ Lo~dlnQ NSC Tiny B~SIC PronrA~C:; Into RAM 

Since the first 2K bytes of available oroQram RA.M (X"I~OJCiI - X'18FF) 
are not required hv the EPROM oroqrammina software, they may be userl 
to store a user's NSC Tiny BASIC orooram. 

Notp. fro~ Anoenrllx G that the NSC Tinv RASIC vari~blp.s J. D. Mann P 
all ooint to scr.qtchoArl RAM. The R4M utilized in oroqrafTl memory )(-'IF~0 
X'IFFF. (Only.=t frAction of th~ bytes in thi5 ranqe Are ~ctuAlly 
used.) If desired, the RAM which is oresent in the INS8154 may be sub­
c;titutpri, mnkino the entire orooram RAM avail~ble for storaoe of user 
n roo ra"l c;. 

3.3 Usinq the FPROM Proarammino Software to ProQram MM2716 EPROMs 

Th~ EPROM oroQr~mminQ 50ftwarp. allows NSC Tiny BASIC pr~ral"ls to be 
written into EPROM from the keybord. RAM. oaDer tape. or from another 
EPROM. 

After the user hac; cornmi tted the EPROM nroQramminq ~oftwf)re to EPROM 
~nd olaced the latter into socket U17. this softw~re may be executed 
hy enterinQ the tollowinq commanrl. 

>NF.W 118R00 

After this is done the "PROGRAM" COmmand. P, may be entered to write 
the us~r"c; RAM rec;irlp.nt nroQn~,," into ~ blank EPROM located in socket 
U16 shown In Fiqure 1-4. 
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APPENDIX A 

~nswers to Exercises 

PaQe 1-21 

,1. -J2767 to 32767. inc lusi vee 

2. Turn switch No. 3 on. 

3. 49 

4. ERROR 4' 

" 

6. '2J.~.( 42/1 27) = I 23 • ~ = ~ 
7. 1696'" Th e true resu 1 t. 1. (,JPJ~. (iJ~. 1 s 1 a rQer than 32761. 

8. 22/7*1~0~ = 3*1~~ = 3(iJ~ 
9. 1000*/.2/7 = 22000/7 = 3142 

PaQe 1-25 

I. 1 2 2 35 

2. 47 .9 5 2 

3. 26 45 

4. 37 73 

5. I QJ~ 3218 

PaQe 1-33 

1. Simply chanQe Line 60 to readl 60 GO TO 30 
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"sQe 1-38 

I (a). 

J0 P~INT "PROGRAM TO COMPUTE A*X+Bu 
15 PR I~T 'u. 
20 PRINT .... 
~ PRINT tI~="" 
40 INPUT A 
5tiJ P R I NT If R = ... , 
6'" INPUT B 
7C1J PRINT .... 
80 PRINT "X=JI, 
9C'J INPUT X 
100 PRINT IIA*X+A =", 
11(1} PRINT A+X~J3~ 

~ I 20 GO TO 70<"'''.'' 

I (b). 

10 PH INT ,"PROGR AM TO COMPUTE A*X +8.1' 
20 PRINT IUI.P~INT ..... P~INT ItA=",' INPUT A 
3~ PRINT "B=~"INPUT B 
40 PR I NT """ PR I NT "X=JI"I NPUT X 
50 PRINT fl~*X+A =fl'~PRINT A*X+BtGO TO 40 

Line 50 can also be written as follows' 

50 IJRINT "A*X+B =tI. A*X+B.GO TO 4QJ 

The comma seoarates the stri nQ .If A*X+R" 
and the exores5ion ~*X+B. 

Paae J·-40 

Numb e r ( D ec i ma I ) 

3 
6 
7 

.29 

Stored ~s A Ryte (Binary) 

~"'00 ~ II 
0~PJ0 0 J J 0 

"''''''' ~ ?t I 1 1 
A00 I 1 H~ I 

(2+ 1 ) 
(4+2) 
(4+2+1 ) 
(16+8+4+1) 

The larQe~t number that can be reoresented in a sinQIe byte 
i C\ the "a 11 ones'" sta tet 

.1'11) 1111 

(128+64+3;>+16+8+4+2+1 = 255 ) 
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PaQe 1-48 

STATEMFNT N U V W X 

11 ~ ••• INPUT N 6844 
120 X = MOD (N,16) 6844 I 2 
131i' N = N/16 427 12 
140 W = MOD (N,16) 427 1 1 1 ? 
15~ N = N/16 26 1 I 12 
J6~ V = MOD (N,16) 26 10 ; 1 1 I ? 
17~ U = N/16 26 ." 11 12 

Therefore, NSC Tiny BASIC orints I~ I 1 12 

In hexadec i mal the number is #IAFiC 

Paae 1-51 

10.0 RRM AIR PRESSURE MONITOR AND ALARM 
11/IJ PRINT II ".PRINT "WHAT IS AIR PRFSSUREJI •• INPUT P 
J?0 IF P<13 THEN PRINT uWARNING! AIR PRESSURE TOO HIGH" 
13'" IF P>15 THEN P~INT "WARNING! AIR PRESSURE TOO LOW'" 
14Qt GO TO 1 let 

Paqe 1-61 

-,'" IF G<>X THFN GO TO 30.REM NOT A. COf.lRECT GUESS, GET NEXT 
GUESS 

This reolaces both Line 7~ and Line RQt in the orooram. 

The followino i~ an even shorter way to write the oroqrAm. 
Try it. 

1~ RFM GUESS THE NUMRFR GAME 
2~ X=RND (1 .1~0)'RF.M X IS THE SECRET NUMgFR FROM I TO 100 
3r~ PRINT ""'PRINT n~HAT IS YOUR GUESS", 
40 INPUT G'REM G WILL B~ THE GUESS 
50 IF G<X THEN PRINT "YOUR GUESS IS TOO SMALL"'GO TO 3(}1 
6~ IF G>X TI-fFN PRINT "YOUR GUFSS IS TOO BIG"'GO m 3~ 
7'" PR I NT '''YOU WIN. LET·'S PL A Y AGA IN. "" GO TO 2(}1 
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Paae '-66 

I • The results of the RUN will be the same 8S those shown on Daoe 1-67. 

2. No. Try it. See below. 

>RUN 
I I SaU~RED 
I I 
2 4 
3 9 

• • 
• • 
" • 
16 256 

• • 
• • 
• • 

J. 181 

Paoe 1-68 

I. The oroQram wIll run the same as b~fore. 

2. The proQram will now orint value~ and squares for numbers 
from 1 to 16. 

3. The oroqram will not work. F-very line will be 1 1. FUrther­
more, the oroQram will not stoo bv itself. You will have to 
nresc; BREAK. 

4. The results will be the same as for the oroQram on OAoe 1-69. 

Pna~ 1-72 

1. >RUN 
1 1 
2 3 
3 6 
4, 10 
5 15 

3. 15 

5. 7, 28 

2. >RUN 
1 I 
2 2 
3 6 
4 24 
5120 

4. 120 

6. 7 5C}J4~ 
R -25216 Correct answer > 327~7 
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Paqe 1-73 

Paop. 

iJaqe 

7. >10 PRINT ""'PRINT "N=u,.INPUT N 
2'" S=",. 

1-94 

1~IVJ 

I~~~ 
1~30 
1040 

1050 
lQ16c;, 
107~ 
IQJR?I 
1?190 

1-1~2 

30 FOR K= 1 TO N 
4~ S=S +K*K 
S(iJ NEXT K 
6~ PRINT "SUMSQUARED =~'tPRINT S 

Llnp. 6~ CAn also be wrlttp.n as follows' 

6~ PRINT "SUMSQUARFD =".5 

Note th e comma 

REM STRING COMPARISON SUBROUTINE 
REM SET-UP STRING ELEMENT POINTERS. C AND 0 
C=A. '0= A 
REM COMPARE PRESFNT C & D LOCATIONS. IF UN~QUAL. ERROR . 

RETURN 
IFtiC<>ftD PRINT liTHE STRINGS ARF UNFQUALu'RF.nJRN 
REM IS THIS THJ:: LAST CHARACTFR IN THF STRING (CR)? 
IFIi'C=#00 PRINT .IITHE STRINGS ARF F=OUAL"'R~URN 
REM NONF ~t THE ABOVE. CH~CK NEXT LOCATION. 
C=C+J'D=O+l'GO T0 1050 

101 A=4F:FFF 
2QJ gA= I.REM TURN LIGHT OFF 
3~ B=CiJ 
4~ DO 
5QJ iF @A=I THEN GO TO 2~aSWITCH IS OfF 
6171 A=R+I 
7~ DELAY 1~ 
8~ UNTIL B=2(iJ(iJ'REM SWITCH MUSF RE CLOSFD 2 SFC 
9~ ~A=~.GO TO 3VJ.REM TURN LIGHT ON 
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Flowchart 

NO 

INCREMENT 
DJ:LAY 

TURN LIGHT 
ON 

ON 

ST~RT 

TURN LIGHT 
OfF 

PRESET 
DELA.Y 

A-a 

OFF 



Error Number 

~~ 1 
2 
3 

4 
5 
6 
1 
8 
9 

1'" 
, 1 
12 

APPENDIX B 

Error C0ge Summary 

Exolanation 

Out of memory 
Statement used imorooerlv 
Unexoected charActer (after leQAl 

state!' ent) 
Syntax error 
Value (format) error 
Endinq quote missinQ from strino 
GO target line does not exist 
RETURN without nrevious GOSUB 
Expression. FOR-NEXT, DO-UNTIL 

or GOSUR nested too d@.enl y 
NEXT without orevious mRtch1nq FOR 
UNTIL without orevious no 
Division by zero 
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APPENDIX C 
ASCII Codes 

The follow inq table contains the 1-bit hexadecimal code for each 
charact er in the .~SCII cha rac ter set. 

ASCII Character Set in Hexadecimal Repre~entatlon 

.--~----~~------~--------~~------~-------~----~----------~-~------

7-bit 1-bit 1-blt 7--bit 
Hexa- Char- Hexa- Char- Hexa- Char- Hexa- Char-
decimal Acter decimal acter deci",al acter decimal acter 
Number Number Humber Number 

___ ...... ~ ______ .. ____ ... ____ ..... _______________ .. __ -. ________ ... ft"~_,,~ ______________ 

0eJ NUL 20 SP 4" Ii 6eJ 
"'1 SOH 2 I ! 41 A 61 a 
02 STX 22 " 42 8 62 b 
A3 ETX 23 * 43 C 63 c 
04. EOT 24 $ 44 0 64 d 
"5 ENQ 25 % 45 E 65 e 
06 ACK 26 & 46 F 66 t 
01 BEL 27 , 47 G 67 Q 

08 BS 28 ( 48 H 68 h 
~9 HT 29 ) 49 I 69 i 
AA LF 2A * 4A J 6A .1 
0B VT 2B + 48 K 6B Ie 
AC FF 2C • 4C L 6C 1 
00 CR 20 40 Itt 60 m 
9JE SO 2E • 4E N 6E n 
eJF 51 2F / 4F 0 6F 0 

ICJf OLE 30t '0 5'" P 7'" 0 

I 1 DCI 31 1 51 Q 71 Q 
12 OC2 32 2 52 R 72 r 
13 DC3 33 3 53 S 73 s 
14 DC4 34 4 54 T 14 t 
15 NAK 35 5 55 U 75 u 
16 SYN 36 6 56 V 76 v 
17 ETB 37 7 57 W 77 w 
., 8 CAN 38 8 58 X 78 x 
19 EM 39 9 59 Y 79 y 
lA SUB 3~ a 54 Z 7A z 
18 ESC 38 , 58 ( 78 
lC FS 3C < 5C , 7C 
JO GS 30 = 5D ] 70 ALT 
IE RS 3E > 5E 7E ESC 
1 F US 3F' ? 5F 7F DEL. 

RUB 
------.-----~-------------------------- -.-.--. .. -~---~-------------- ------------
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Deflnitlon~ of Non-Drintinq Char~cter5 
-~--~----~~~~~-... --------........... ----... -.. -------~------.. ------.---... ------------~ 
Character 

NUL 
SOH 
STX 
ETX 
roT 
ENQ 
ACK 
BEL 
RS 
HT 
LF 
VT 
.FF 
CR 
SO 
51 
DLE 
DCI 
DC2 
DC3 
OC4 
N~K 
SYN 
FrS 
CAN 
EM 
SUB 
ESC 
FS 
GS 
RS 
US 
SP 
ALT 
ESC 
DEL 
RUR 

Definition 

Null 
Start of HeadinQ (also start of J"tessaqe) 
Start of T~xt (also EOA-end of adrlr~ss) 
End of Text (also EOM-enrl of meSsAQe) 
Enrl of TrAnsml~~ion (aal~o END) 
Fnquiry (also FNQRY. WRU) 
A~tnowlprla~ (al~o RU) 
BPoII 
Backspace 
Horizontal Tab 
LIne Feed ~ 
Vertical Tab (VT4B) 
Form F~rl 
CarriaQe Return 
Shift Out 
Shift In 
Data Link Escaoe 
Devie e Control I 
Devlc~ Control 2 
Device Control 3 
Device Control 4 
Ne~ative Acknowledqe 
Synchronou5 Idle 
End of Transmission Block 
Cancel (CANCL) 
F-nd of Medium 
Subc;titute 
Escaoe 
F il e SeOArator 
Group Seoarator 
Rp.corri Seoa ratar 
Unit Seoarator 
Spac~ 

Alt Mod~ 
Escaoe 

Delete or .Rubout 
--~~~-~-~-~--~------------~----------~~-~------~-~~~~ 
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APPENDIX D 

NSC Tiny B~SIC Lanquaoe Summary 

STATEMENTS (exceot for INPUT. !'flay be used as commands) 

NEri exor 

NEW 

RUN 

CONT 

LIST (exor) 

t-lEM anythinq 

CLEAR 

(LET] var = exor 

[LET] STAT = expr 

[LET] @.f.=tct(1r = P.'Xor 

F.5tahlishes a new start-of-orooram Andress 
equal to the value of lexorl. NSC Tiny 
BASIC then executes its initl~lizatlon SP,­
(luenc .. e which clears all variables. resets 
~ll harrlwAre/software stAck5. disables in­
terruots. enAbles BRFAK capability from the 
con~olp.. anrl performs thp nonde~tructive 
RAM search descrihed In Chaoter 2. Section 
~. If the value of 'exprlru9P~nt5 to a ROM 
ndrlress. the NSC Tiny ~RAS;~ .. oroClrAm which 
heoins At this addre~s will be automatic­
,qlly executed. ProQr8rn ",e",o~y (includina 
the end-of-oroQram pointer us ed bv the ed­
Itor) is not altered by thi~ command. 

Sets the end-of-proaram oointer eQUAl to 
the start-of-oroQram oointer so that a new 
n roq rarn may he en t e rerl. I f a oroq ram 
Already exists at the start-of-oroqram 
ann re 55. 1 t wi 11 be lost. 

Runs. the current oroQram. 

Continues execution of the current oroqr3m 
fro~ the ooint where execution was sus­
oended (via a STOP. console interruot. or 
re~et) • 

lists the current proQram (ootionally 
~ ta r t i no 8 t the 1 i n e numb e r so ec i f i ed by 
(exor). 

Kemark (no operation). 

Initializp.5 all variAble~ to 0. rlisables 
interruots. enRbles RREAK capability 
from the console, and resets all stacks 
CGOSUB, FOR·-NEXT. DO-UNTIL). 

Assiqns exoressionvAlue to variable. 

Sets the ST~TUS word eoual to the least 
~iQnifl~ant hyte of 'exor'. When the 
ST~TUS worn is used to enable interruots 
Rt the harrlwarp. .• orocessinq will be 
neferrerl for one state~ent. 

SP.t~ the ~p.~ory location oointp.d to by 
·'factor-' equa 1 to thp 1 east 5 Ion i f i can t 
byte of "'exor'. 
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{LET] staetor = "strinq" 

(LET] factor = factor 

PRINT exor 

PRINT ·"strinq.J· 

PR INT Sfaetor 

I F expr (THEN] 
'sta tement(-sl'" 

FOR var = expr TO exor 
{STEP exor] 

NEXT var 

DO 

UNTIL exnr 

GO TO eXor 

GOSUB exor 

R~TURN 

INPUT V-9 r 

INPUT Sfactor 

LINK exor 

ON exorl, exor2 

"ssiQns a strino in RAM starti.nQ at the 
addres~ 'f8ctor~. StrlnQ~ are te~in8terl 
by a carriaQe return. 

Memory to memory strinQ a ssiQnment. (cooy) • 

Prints the value of ~eXDrl. 

Prints the strinQ. 
., I, 

Print~ the ~trino startinQ'at the ~emory 
adrlr~ss ~factorJ. 

Remainder of the oroqram line is ex~cuted 
if p.xor i f5, true (non-ze:fo). 

FOR 1000 initialIzation. FOR looos may be 
nested uo to four levels deeo. 

FOR 1000 ter~ination. 

00 1000 initiation. DO 1000s ",ay be nested 
UP to eiqht levels deep. 

DO loop termination. 

Transfer control to statement number 
"'exor" • 

Ca 11 fiub routi ne at s tA tement nu",ber ' exo r'. 
Subroutine (includinq tho~e servicinq in­
terruots) may be nested UP to eiqht levels 
deen. 

Return from subroutine. 

Rearl value from console into variable. 

Read strinq fro~ console into memory be­
Qinninq at adrlres5 'tactor l • 

Links to an assef'lbly lanouaae subroutine 
which begins at the address 'exor l

• 

Interruot processino definition. When 
interruot number exorl occurs,NSC Tiny 
B~SIC wi 11 execute a GOSUR beQinnina at 
line number exor2. If exor 2 is zero, the 
corresoondino Interruot is disablen at the 
softWAre level. Interrupt numbers ~ay be 
I or 2. Use of the ON state~ent disables 
conc;olP, intp.rruots (BREAK function). In­
terruots must also be p.nRbled at th~ hArri­
ware level by settinq the Interruot Enable 
bit in thp. C;tAtu5 rf'qi5ter (usino SfAT=I. 
for examol e). 
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DELAY exor 

SIal-> 

Arithmetic operators' 

RelationAl ooerators. 

Looica! ooerators' 

@factor 

J--llNCTIONS 

STAT 

TOP 

INC (X ) • DEC (X ) 

MOD (X.Y) 

RND (X.Y> 

Delay for expr time units (nominally milli­
secon~s. 1-1040). Delay 0 qives the max­
imum delay of 1040 milliseconds. 

Te rm ina te program exec ut ion. A '" e 5san e is 
orinterl and NSC Tiny BASIC rp.turn~ to 
COMMAND mode. 

addi tion + 
stJht rae tion 
mul tio:lication * rti vision / 

less than < 
oreater than > 
equal to = 
no equal to <> 
less than or equal 

to <= 
oreater than or 

eQual to >= 

loq ieal ANn ,AND 
loq ical OR OR 
loqica I NOT NOT 

Read a byte from memory/oeri~heral. or 
write a byte to memory/oerioherAl. 
Factor is the me~ory/peripheral Arldre~~. 

Statu~ R~ai~ter contpnt~. 

Too-Of-ProarAm andrp,ss (first Available 
~p.mory ~ddre~s after end-of-oroqram byte). 

Increment or decrement R memory location 
(non-interruptable for ~ultiorocessina). 

Morlulu5 function (re~alnrler of x/y). 

Rando", number oenerator (in interval X,y). 
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COMMANDS (c~nnot he u~erl as statements) 

NEW expr 

NEW 

RUN 

CONT 

LIST exor 

Establishes a new start-of-oroQram address 
equal to th~ value of exor. NSC Tiny 
BASIC then executes its initialization 
sequencp. which clears All variable&;, re~ets 
~ 11 hRrrlwRr~/softwArp. c:;tac1(s, disabl es In­
terruots, ~nahles RRE~K cAoabilitv from the 
con~ole, ann op.rforms the non-dest"Jctive 
R4M searCh described In Sec~ion II. If 
the value of exor ooints to ~ ROM address, 
the NSC Tiny RASIC orOQram which beqins at 
thic; adrlress wi 11 be automatically executecl 
and oroQram memory C i nc ludino th"Et }~9P-of­
proQram nointp.r uC:;~~cby the editQ~) is not 
altered by this command •. 

NEW followerl only by A cArriaQe return sets 
the enrl-of-oroora~ oointer eQual to the 
start-of-oroQram oolnter so that A new 
oroaram "'Ay he ent~rerl. I f A oroQr;:'", 
alrearlv exists At the start-of-oroQram 
arl~re~c:;. it will bp. lost. 

Runs the current oroaram. 

Continues execution of the current oroQram 
from the ooint where execution wac; &;US­
pended (via a STOP. consol e interrLDt or 
reset). 

Lists the current orooram (ootionally 
~tartino at the line number soecified by 
exor) • 
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APPENDIX E 

NSC Tiny BASIC Grammar 

~ll items in sinQle quotes are actual symbols in NSC Tinv BASIC; all 
other identifiers are symbolc; in Qrarnmar. The eauals sion '1=.", means 
"is rlefin~r.f as", oarentheses are used to qroup several ite'lls to­
oether as one item, the exclamation noint. ft!fl, ~eans an exclusive -
or choice between the 1 terns on ei ther side of it I the asterisk, 11*,', 

mean~ zero or more occurrences of the item to its leftl the olus 
~ I 

sion, ..... , means onp. or more reoeti tionsl the ouestion mark ... I ?At , 
means zero or one occurrenceSl and the semicolon, Da Jl , ~arks the end 
of'8 definition. 

NSC TI'ny RASIC - line = Immedl~t;e-statemen~' 
P rOQram-1 t ne , 

ImmediAte-statement = (Com~and ! Statement-list) Carriaoe-return' 

Prooram-line = [Decimal-number] State",ent-l ist Ca rriaQe-return)' 

Command = 'NEW" Dec imal-number? 
'LIST' Decimal-number? 
'RUN" 

, ,'CONT"' 

Statement-list = Statement ('I' Statement) *' 
Statement = 'LF.T' ? Left-part "=,' Rel-exp 

'LET' ? 'S·' Factor -':' (Strine} ! 'S-' Factor) 
'GO' ('TO' ! 'SUB') Rel-exo 
'RETURN' 
('PR',! 'PRINT') Print-list 
'IF" Rel-p,xnr "'THEN" ? Statement-list 
'00-' 

. 'UNTIL' Rel-exn 

, 

'FOR-' Variable -'=-' Rel-exo 'TO"' ReI-exo (,'STEp·' Rel-exo)? 
"NEXT" Va riab 1 e 
-'INPUT' 'S·' Factor! Variable-list 
'LINK" Rel-exp 
,'RE M' Any-Cha rae t er-Exc eot-Ca rri aoe-Return * 
"STOP" 
,'CLEAR' 
"DFLAY' Rel-exo 
'O~' Rel-exo ',I? Rel-exo 
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FRctor = (Variable ! Numh~r ! Function ! ~(~ Rel-exo ')"1 
Left-part = (Variable! clfj.' Factor! -'STAT") t 
HF.L-EXP =: Term rel-oo term 
~~ ING = '11' Anv-charactp.r-exceot-lI-or-CR".ff" 
\ :1 ~RLE = 'A' ! 'e' ! •••••• 'Z·' 
VARIARLF--lIST= VAriahle (I.' Varlable)* 
PRINT-ITEM = (Rel-exo ! '$,'facto.r ! StrinQ) 
tJ R I NT -L I ST = P R I NT - ITEM (". 4f P R I NT-I TEM) * ( , I ., ) ? 
Function = 'MOD' 1(1 Rel-exP '.' Rel-exp I)J 

! 'RND' 't' R.,!-exo '.' Rel-exo')" 
! 'INC' 'l' Rel-exn '}" 
! 'DEC" '(1 Rel-exD 1)1 , 

Term = Factor Termon Factor 
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APPENDIX F 

1 . ...1=7936: $\,,1= II 0 123456789ABCDEFIt : Q=J+17: M=D+81 P=t·1+20: PR"CMD"; . 
2INPUTSP: X=4352:V=6399: Z=IFF:O=27:GOSUB50: C=T: GOSUB50: F=T:P=P~1:S=3. 
3IFC=67Y=4352:Z=V:GOT015 
4IFC=86z=*eooo:GOT015 
5IFC=69X=#8000: Y=#87FF:G=31: GOT015 
6IFC=70G=31:GOT015 
7IFC=80Z=8192: G=35: GOT015 
8IFC=76X=O:V=1:Z=O:S=1:G=3SiGOT015 
9JFC=65X=O:V=o:Z=O:S=1:G=39:00T015 
10IFC=68S=2:G=42:GOT015 

c 11 I FC=87Y=SJ~ll : 8=2: G=46: GOTO 15 
12IFC=82X~d~Z=O:S=1:G=47:GOT015 
13PR"INPUT ERR":GOTOl 
14PRJlDONE tt :GOTOl 
15N=1:IFF=#DGOTOG 
16R=O 
17GOSUB50:IF(T=#D)OR(T=47)OR(T=44)OOT021 
18T=T~48:IF(T<O)OR(T>22)OR«T>9)AND(T<17»GOT013 
1 0;-1 I FT>9T=T-7 
20R=16*R+T:GOT017 
21IFN=lX=R:GOT024 
22IFN=2Y=R:GOT024 

24N=N+l:IFN>SGOTOG 
25IFT=IDGOT013 
2600T016 
27FORI=XTOY:IFC=67@Z=@I 
28IF@Z=@IGOT030 
29A=Z:B=@I:C=@Z:OOSUB48 
30Z=Z+1:NEXTI:GOT014 
31FORI=XTOY:IFC=70@I=Z 
32IF@1=ZGOT034 
33A=I:B=Z:C=@I:GOSUB48 
34NEXTI:GOT014 . 
35FORI=OTO(Y-X):@(Z+I)=@(X+I):IF@(#6000+Z+I)=@(X+I)GOT037 
36A=1600Q+Z+l:B=@(X+I):C=@(#6000+Z+I):GOSUB48 
:37NEXTI: GOT014 
::':8PR II TURN READER ON II : L I Nt<#8D81 : GOT040 
:39PR II CONNECT RS-232": L I Nt<#8D88 
40IFZ=lPR"Cf<SUM ERR": GOTOI 
41GOT014 
42FOR I =XTOYSTEP 16: H= I: L I NI<#8E4E: $M= II •••••••••••••••• " 

43FORL=ITOI+15:H=@L:LINK#8E3F 
.44IF(H)31)AND(H<#7B)@(M+L-I)=H 
45NEXTL:PRSM:NEXTI:GOT014 
46LINK#8E8F:GOT014 
47LINK#8F65:GOT040 
48PR"ADDRESS n;:H=A:L.INt<#8E4E:PR II SB 1f;:H=B:LINK#8E3F:PRIIIS ";:H=C 
49L I NK#8E:3F: PR" II : RETURN 
50T=@P:P=P+l:IFT=32GOT050 
51RETURN 

F-l 



APPENDIX G 

REM ***** 8070 UTILITY PROGRAM ***** 
REM ***** BY RON PASQUALINI, NSC ***** 

REM This v~rsion of th~ pr09ram has been expanded for 
REM legibility. It will not run as shown since some 
REM lines do not have line numbers. The compressed 
REM version of the prosram is functionally identical 
REM and will run properly. 

REM Initial"ize variables and Prompt for command 

.j=793e. : •. J= II 0 12:3456 789ABt.~DEF .. 
D=J+17 : M=D+8~: P=H+20 -
F'R II CMD" ; 

:2 INPUT $P 
X=4352 : ¥=6399 Z=#FF: 0=27 : GOSUB 50 
C=T : GaSUB 50 : F=T : P=P-l : 8=3 

REM Test command letter, settins default values 
RE:M as rl\~eded f(tro the enteroed command. 

--:0 IF C=e.7 Y=4::-::52 · z=y · GOTO 15 ... JI · · 4 IF C=86 Z=#8000 · GOIO 15 · 5 IF C=&:.9 X=#8000 · Y=#:=:7FF . 0=31 GOTO 15 · . 
(:. IF C=70 13=31 . GOTO 15 . 
7 IF (:=:30 Z=8192 · 0=35 . OOTO 15 · . 
0 IF (:=7(:- X=O · Y=l · Z=o : 8=1 . 13=38 GOTO '-' · · . 
9 IF C=e.5 X=O · y=o · 1=0 · 8=1 0=39 OOTO · · · 10 IF (:=(:.:3 !=;=2 · 13=42 . GOTO 15 · . 

1.1 IF C=87 Y=8191 · 8=2 · G=4c. . (;OTO 15 · · . 
12 IF (:=:=:2 X=o · Z=O · :::=1 · · 

REM E~ror messages 

13 PR "INPUT ERRII : GOTO t 
14 F'R "[IONEII GOTO 1 

· 0=47 · 

REM Process command operands 

1.5 N=l IF F=#[I GOTO G 
11:.. R=O 

. OOTO 15 . 

15 
15 

· · 
· · 

17 GO SUB 50 : IF (T=#[I) OR (T=47) OR (T=44) GOTO 21 

REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REl'-l 

flC" 
ltv II 
tiEl! 

"F" 
up" 
ilL" 
"A" 
"[III 
"W" 
URI! 

18 T=T-48 : IF (T<O) OR (T)22) OR «T)9) AND (T<17» GOTO 13 
19 IF T)-9 1"=T-7 
20 R=16*R+T : GOTO 17 
21 IF N=l X=R GOTO 24 
22 IF N=2 Y=R : GOTO 24 
2:::: Z=R 
24 N=N+l : IF N)S GOTO G 
25 IF T=#[I GOTO 13 
26 GOTO 1.6 

27 FOR I=X TO Y 
IF (:=67 @Z=@J 

28 IF 0Z=@I GOTO 30 
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29 A=Z: B=@I 
30 2=Z+1 

c=@z GOSUB 48 

NEXT I 
GOTO 14 

REM Pr-c.cess liE II , "F" Commands 

31 FOR I=X TO Y 
IF C=7() @I=Z 

32 IF @1=2 GOTO 34 
33 A=I: B=Z ': C=@I 
34 NEXT I 

GOSLIB 48 

60TO,'f4 

.REM Pr-ocess IIplt Comma.nd 

35 FOR 1=0 TO (Y-X) 
(tH Z + I ) =@ ( X + I ) 
IF @(#6000+Z+I)=@(X+I) GOTO 37 

36 A=#6000+Z+I: B=@(X+I) 
£=@( #6000+Z+I) : GOSUB 48 

37 NEXT I 
OOTO 14 

REM Pr-c.cess ilL II Comma.r,d 

38 PR "TURN READER ONII : LINK #8081 : GOTO 40 

REM Pr'ocess "A" Command 

39 PR 1/ CONNECT RS-2:~;2 II : LINt< #8D88 

REM Post pr-ocessin9 for- ilL", "A" CClmma.nds 

40 IF Z=1 PR "Cl<SUM ERR" : GOTO 1 
41 GO TO 14 

REM F'r'ocess tI[I" Command 

42 FOR I=X TO Y STEP 16 
H= J : l_ I N~< #E:E4E : SM= " •••••••••••••••• II 

43 FOR L=I TO 1+15 
H=@L : LINK #8E3F 

44 IF (H>31) AND (H(#7B) @(M+L-I)=H 
45 NEXT L 

PR $M 
NEXT I 
80TO 14 

REM Pr-ocess IIW II Comma.nd 

46 LINK #8E8F : GOTO 14 

REM F'r'oa:Etss fiR" Corrtrr.and 

47 LINK #8F65 : GOTO 40 

REM Subr-outine= Pr-int ver-ification er-r-or 
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48 PR "ADDRESS II • . H=A . LINt< .SE4E , . . 
PR IISB II • · H=B . LINK #8E3F , · . 
PR HIS ... · H=C , · 49 L.INK #8E3F . PR II .. : RETURN . 
REM Subroutine: Get next character from input buffer 

50 T=QP : P=P+l : IF T=32 OOTO 50 
<# 

51 RETURN 
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8070 ASSEMBLER REV-A 06/06/79 
AS8070 8070 UTILITY SUBROUTINES APPENDIXH 

1 
.--:' 
.I. 

--:;, 
'-' 
4 
5 
6 
7 
:3 
9 

10 
1 1 
12 
:J. :=: 
14 
15 
1.6 0000 
17 
1'-' .=. 

2F 

. .. 

.TITLE AS8070,~ 8070 UTILITY SUBROUTrNES~ 

.LIST 02F 

~ASSYLANG? PROGRAM 
BY 

RON PAS('!UALINI 
NATIONAL SEMICONDIJCTOR 

'''ASSYLANCi .. ' I NCLUDES ALL OF THE ASSEMBLY LANCiUAGE 
SUBROUTINES REQUIRED BY THE NIBL2 PROGRAM ?UTILITY'. 

• =O:~:D:::: 1. 

.INCLD ASCIL.D 
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8070 ASSEMBLER REV-A '06/06/79 
AS8070 8070 trT·J LI TV SUBROUT J NES 
ASCILD 

• PAGE ""ASCILD'" 

; ~ASCILD' DOWNLOADS AN ASSEMBLY LANGUAGE LM OR NIBL2 80URt~ 
PROGRAM AT 4800 BAUD IN RESPONSE TO THE COMMAND ~A~. IT IS 
ALSO ENTERED TO LOAD AN ASSEMBLY LANGUAGE LM FROM PAPER 
TAPE AT 110 BAUD IN RESPONSE TO THE COMMAND ~L~. FOR BOTH 

; COMMANDS THE DOWNLOADED PROGRAM MUS~ BE IN THE FORM OF 
; ASCII CHARACTERS. THIS SUBROUTINE CALl.S THE NIBL2 

SUBROUTINE "'GECO"'. 

TWO ASC I I CHARACTERS EG!IdA£. -ONE BYTE, WITH THE MOST 
; SIGNIFICANT ~JBBLE (MSN) LOCATED AT THE LOWER MEMORY 

ADDRESS. TH'E~-t_EAST SIGNIFICANT NIBBLE (LSN) IS LOCATED AT 
; ,THE HIGHER MEMORY ADDRESS. 

THE FIL.E FORMAT FOR A DATA RECORD IS AS FOLLOWS: 

1) START OF RECORD CHARACTER (X"'02) 
2) RECORD LENGTH, X· .. 0 1-X·' FF , (2 ASC I I CHAR) 
3) MSB OF RECORD LOAD ADDRESS (2 ASCII CHAR) 
4) LSB OF RECORD LOAD ADDRESS (2 ASCII CHAR) 
5) RECORD TYPE (2 ASCII CHAR) 

(DATA RECORD=X"'OO, END RECORD=X"'Ol) 
6) 1-255 DATA BYTES (2 ASCII CHAR PER BYTE) 
7) RECORD CHECKSUM OF THE HEXADECIMAL 

EQUIVALENT OF ALL BYTES IN 2) THRU 6) 
IN 2"'S COMPLEMENT FORM 

THE BAUD RATE FOR DOWNLOADING CAN BE 110 OR OR 4800 BAUD, 
DEPENDING UPON THE SUBROUTINE ENTRY POINT. 

THE "'ASCILD'" SUBROUTINE REG~UIRES 8 BYTES OF STACI< MEMORY g.; 
DE!:;TROYS A 1 E, P2 g( P:3. THE N I BL2 SUBROUT I NE .. ' GEeO .,' I ~:; 

CALLED .. 

Dr SPLACEr·1ENTS RELAT I VE TO F'3: 

0000 ; NUMBER elF DATA BYTES IN NBYTE~~; = 0 

OOOt 
0002 
000:3 

0004 
0009 

ooot:. 

MCI<SUM = 1 
RECTYP = :;~ 

1"1SN = ,? 
'-' 

eTR = 4 
BYTCTR = 9 

DISPLACEMENTS RELATIVE TO P2: 

.SET [I, /:. 

H-2 

DATA RECORD 
CHECKSUM FORMED IN MEMORY 
RECORD TYPE 
HOST SIGNIFICANT NIBBLE 
OF 8 BIT BYTE IN fGETBYTf 
SUBROUTINE 
eTR FOR DELAY @ END OF SUBR 
BYTE eTR FOR /HEX2AS~ SUBR 

CONTENTS OF NIBL2 VARIABLE 
D POINTS TO MEMORY LOCATION 
WHERE ASCII EQUIV OF ?/4 
DIGIT HEX NUMBER IS STORED. 



8070 ASSEMBLER REV-A 06/06/79 
AS8070 8070 UTILITY SUBROUTINES 
A~:;CILn 

OOOE .SET H,14 

002E .SET X,46 

0030 .SET V,48 

0032 .SET 2,50 

FFOO .SET SRAM,OFFOO 

FFEC FDELAV = OFFEC 

0933 GECO = 00933 

ASCILD: 
8D81 845202 8110: LD EA,=X'252 
8D84 8DEC ST EA,FDELAY 

8086 7405 BRA NEXT 

8088 840400 B4800: LD EA,=04 
8D8B 8DEC 8T EA,FDELAY 

a[l8D 39FE NEXT: AND 

8D8F 2700FF LD 

8D92 203209 LOOP1: JSR 

8[195 06 
::=':096 D410 
80';>8 6CFB 

8D9A 40 

NSTOP1: LD 
AND 
BZ 

LD 

XOR 

S,=OFE 

P3,=SRAM 

GECO 

A .-. ,.:> 

A,=OlO 
NSTOPl 

A,=02 

H-3 

MS CHAR IS AT LOWEST MEMORY 
; ADDRESS, TO WHICH D POINTS 

CONTENTS OF NIBL2 VARIABLE 
; H EQUAL STARTING ADDRESS OF 
; EACH DATA RECORD 
; DISPLACEMENT FOR RECORD 
; 8T ART I r~(; ADDRESS 
; (NIBL2 VARIABLE X) 

BAUD RATE INDICATOR FLAG 
; WHICH ALLOWS PRINTOUT OF 
; STARTING ADDRESS OF E~H 

-it; RECORD ATI !i!l:to BAUD ONLY. 
; (NIB'L2-'~AmABLE Y) 1 

; CHECKSUM ERROR FLAG 
(NIBL2 VARIABLE Z) 

STARTING LOCATION 
; (IF SCRATCH RAM Tel 
; WHICH P3 POINTS 

; LOCATION WHERE DLY CaNST 
FOR 1 BIT DLY IS STORED 
(REQUIRE[I BY NIBL2 ~GECO~ 

SUBROUTINE) 
ENTRY POINT FOR 

; NIBL2 'GEeO' SUBROUTINE 

; BAUD RATE =110 
STORE DELAY COUNT FOR 1 BIT 

; DELAY @ 110 BAUD 

CONTINUE 

; BAUD RATE =4800 
STORE DELAY COUNT FOR 1 BIT 
DELAY @ 4800 BAUD 

DISABLE INTERRUPTS 

POINT P3 TO SCRATCH RAM 

ASCII CHAR--)A REG & E REG 

SAMPLE SA & WAIT UNTIL 
SA=1. (PARITY BIT=1 OR 
STOP BIT=1 HAS OCCURRED) 

SA=1 
ASCII CHAR--)A REG 

LOOP IF CHAR () X~02 



8070 ASSEMBLER REV-A 06/06/79 
AS8070 8070 UTILITY SUBROUTINES 
ASCILD 

809D 7CF3 

8[19F 20168E 
S[lA2 CBOO 

8DA4 CB01 

8DA6'20168E 
8DA9;':t')A 

8DAA -F301. 
8DAC CB01 

8DAE 20168E 

8DB1 F:301 
8D8:::: C801 

8[IB5 3:3 
8[1B(:. 01 

8DB7 2(:.0010 
8[1BA 822E 

8DSC 8AOE 

E:DBE 20 f 68E 
:3[1C1 CEcO:;': 

8[1(::3 F301 
:3[1C5 CBOl 

8[1(:7 40 

:3DC8 7(:20 

8DCA 8230 
8DCC E401 
8DC:E 7COA 

BNZ 

\..ISR 
ST 

ST 

.JSR 
PUSH 

ADD 
ST 

• .JSR 

ADD 
ST 

POP 
XCH 

LD 
ADD 

ST 

• .JSR 
ST 

ADD 
ST 

LD 

BNZ 

LD 
XOR 
BNZ 

LOOP1 ; (START OF RECORD) 

; X"'02 FOUND 
GETBYT GET RECORD LENGTH (IN HEX) 
A,NBYTES,P3 AND SAVE IT 

A,MCKSUM,P3 INITIALIZE MEMORY CHECKSUM 

OETBYT ; GET MSB OF LOAD ADDRESS 
AL ,(ADDRH) ~~~AVE ON THE STACI< 

A, MCKSUM , "P31 
:; UPDATE MEMORY CHECKSUM 

A, MCi''::SUM , P3 

GETBYT GET LSB OF LOAD ADDRESS 
(ADDRL) IN A REO & E REG 

A,MCKSUM,P3 UPDATE MEMORY CHECKSUM 
A, MCKSIJM, P:3 

A ADDRH-->A REG 
A,E ADDRH-->E REG, ADDRL--)A REG 

P2,=01000 POINT P2 TO NIBL2 VARIABLES 
EA,X,P2 ADD DISPL (NIBL2 VAR X) 

EA,H,P2 ; SAVE RECORD STARTING ADDR 
IN NIBL2 VARIABLE H 

GETBYT GET RECORD TYPE IN A REG 
A,RECTVP,P3 & E REG & SAVE IT 

A, MCI<SUM" P:3 
A,MCKSUM,F'3 

A,E 

NOTDTA 

EA,Y,P2 
A,=Ol 
DTAREC 

H-4 

UPDATE MEMORY CHECKSUM 

RECORD TVPE-->A REG 

IF RECORD TYPE = 0 
IT IS A DATA RECORD 

A REG=O. RECORD IS 
A DATA RECORD 

IF BAUD RATE=110 PRINT 
OUT RECORD STARTING 
ADDRESS 

; IF Y=l BAUD RATE=110 

BAUD RATE=110 
PRINT OUT RECORD 
STARTING ADDRESS 
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AS8070 8070 UTILITY SUBROUTINES 
ASCILD 

8DDO 18 CALL 

:3DD1 22118E PLI 

8DD4 IE CALL 

SDD5 204DSE ..JSR 

8DD8 18 CALL 

8DD9 5E POP 

8DDA 820E DTAREC: LD 
8D[lC 46 LD 

8DDD 20168E NXTBYT: .J!::;R 

8DEO CE01 ST 

8DE2 F301 ADD 
:=:DE4· CBOl ST . 

8DE6 9BOO DLD 
8[1E8 7CF:':: BNZ 

8DEA 20168E NOTDTA= .JSR 

8DED OA PUSH 
8DEE 18 CALL 
8DEF 38 POP 

8DFO F301 ADD 

8DF2 6C08 BZ 

8DF4 260010 LD 
8DF7 840100 l.D 
8DFA :=:A:~:2 ST 

8DFC C:302 RECTST: LD 
8DFE E401 XOR 

8EOO 7C90 BNZ 

8 

P2,=ADRMSG 

14 

PRT4 

,-, 
.:t 

P2 

EA,H,P2 
P2,EA 

GETBYT 

A,@+1,P2 

A, MCKSUM ., P :::: 
A., MCI<SUM ., P3 

A,NBYTES.,P3 
NXTBVT 

GETBYT 

A 
8 
A 

A, MC~:SUM., P:3 

RECTST 

P2,=01000 
EA,=Ol 
EA,Z.,P2 

A, RECTVP, p::::: 
A.,=Ol 

LOOPl 

H-5 

PRINT CR/LF TO PUT RECORD 
· ADDRESS ON A NEW LINE. ., 

· (NECESSARY BECAUSE: '·OECn·· , ., 

· NOT ·"GETC·" ., MLiST BE USED) • ., 

· POINT P2 TO 1ST CHAR OF ., 
ADDR MSG 8< SAVE OLD F· ... , ..::.. 

· PRINT OLiT THE MESSAC;E: , 
II ADDR=X .,.. II WITHOUT 1<> " ..:.. '~ CR/LF 

. ,., 
"~~ · PRINT OUT 4 "CHAR ASCII ,. 

f.;yo:.E:I;'U I V OF 16 ,BIT HEX 
STARTING ADDRESS, 
WITHOUT CR/LF 

· PRINT CR/LF ., 

RESTORE OLD p"" ..::.. 

; RECORD START ADDR-->EA REG 
RECORD START ADDR--)P2 

.. GET DATA BYTE , 

STORE BYTE & INCR PTR 

· UPDATE MEMORY CHECKSUM ., 

DECREMENT BYTE COUNT 
S( LOOP IF COUNT .:~:::- 0 

GET RECEIVED CHECKSUM 

SAVE CHECI<:::;UM ON STACK 
· PRINT CR/LF ., 

RESTORE CHEC~~SUt'1 TO A REO 

· ADD MEMORY CHECKSUM , 

TEST SUM FOR ZERO 

SUM -() O. CHECKSUM 
ERROR HAS OCCURRED 
POINT p.-. 

.£. TO NIBL2 VAR I ABLE~::; 
SET NIBL2 VARIABLE Z=l 
TO INDICATE CHECKSUI'1 ERRCIR 

LOAD RECORD TYPE 81. TEST 
· FOR END RECORD = X···Ol , 

GET NEXT RECORD IF CURRENT 
RECORD 1'-· .=. NOT AN END RECORD 
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3070 9070 UTILITY SUBROUTINES 
:: I LD 

~E02 C4ge. LD 
E04 (:B04 ST 

~EO(:. C4FF L 1: LD 
• EO:=: 20F78F .JSR 

·:~EOB 9804 DLD 
8EOD 7CF7 BNZ 

8EOF 18 CALL. 

8ElO 5C RET 

8Ell 4144 ADRMSG: . ASCI I 
8Elf:. A7 . BYTE 

A,=150 
A, eTR, p:::: 

A,=OFF 
DELAY 

A, eTR., P:?, 
L.l 

:3 

"'ADDR='" 
.. -.1' ......... + 0:30 

H-6 

CURRENT RECORD = END RECORD. 
; DELAY APPRO X .54 SEC IN ORDER 

TO SLEW (IFF NUl.LS AT END OF 
END RECORD. THIS WILL INSURE 

; THAT SA=1 UPON RETURN TO NIBL2 
PROGRAM @ 4800 BAUD. THIS 

; DELAY IS ONLY REQUIRED AT 4800 
; BAUD, BUT DOES NOT HAVE ANY 

DETRIMENTAL EFFECT AT 110 
; BAUD, USING ~ TTY WITH~A Ph 
; READER RELAY. ,,-,.~~,'~ .. -.. ~~ 

SAVE # OF TIMES ~DELAY~ 

; WILL BE CALLED 

LOAD DELAY COUNT 
DELAY FOR 3609 USEe 

DECREMENT & LOAD LOOP COUNT 
& REPEAT IF LOOP COUNT <> 0 

PRINT CR/LF @ END OF RECORD 
; (FOR 110 BAUD USING TTY) 

RETURN 

ADDRESS MSG FOR 110 BAUD 
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AS8070 8070'UTILITY SUBROUTINES 
ASCILD - GETBYT 

8E17 20:3209 

BElA 01:, 
BEIB D410 
8F1D 6CFB 

SElF 40 

8E20 2D02 

8E22 7402 

:3E24 FC37 

8E26 OE 
8E27 OE 
8E28 OE 
8E29 OE 

8E2A (:B03 

8E2C 20::::209 

E:E2F 0(:, 

8E:;:0 [1410 
E:E:32 I:.CFB 

:3E:34 40 

:3E:~:5 2[102 

;~!E:37 7402 

• PAGE ~ASCILD - GETBYT~ 

'GETBYT' GETS TWO ASCII CHARACTERS AND COMBINES THEM INTO A 
SINGLE 8 BIT BYTE. 

~GETBYT' REQUIRES 1 BYTE OF SCRATCH RAM (MSN), USES 4 BYTES 
OF STACIc~ MEMORY, C~LLS THE NIBL2 SUBROUTINE "'GECO''', AND 
DESTROYS REGISTER A AND REGISTER E. 

THE BYTE WHIC~. IS GOTTEN IS RETURNED IN ·THE A REGISTER 
THE E REGIST£ttt. 

; SUBROUTINE PARAMETERS INCLUDE: 

. MSN DISPLACEMENT , REL.ATIVE TO F"-' . .:,.. 

GETBYT: .JSR GECO GET ASCII EQUIV OF MSN 
IN A REG &: E REG 

NSTOP2: LD A,S · SAMPLE SA 8< WAIT UNTIL , 
AND A,=010 SA=1. (PARITY BIT=l OR 
BZ NSTOP2 · STOP BIT=1 HAS OCCURRED) , 

SA=1 
LD A,E ASCI I EG~UIV OF MSN--)-A REG 

BND ATOF1 TEST FOR X '30<=MSN,:::=X "':39 

BRA SHIFT1 X'''OO<=A REG<=X·"09. CONTINUE 

ATOF1: SUB A, =X"'37 CONVERT ASCII A THRU F 
TO HEX A THRU F 

SHIFTl: SL A · SHIFT MSN 4 BITS , 
SL A TO THE LEFT, PLACING 
SL A ZERCIS INTO LSN 
SL A · POSITION , 

ST A,MSN,F'3 SAVE MSN 

. .JSR GECO GET ASCI I EQUIV OF LSN 
IN A REG & E REG 

NSTOP:3: LD A,S SAMPLE SA 8.( WAIT UNTIL 
AND A,=OlO· SA::l. (PARITY BIT=1 OR 
BZ N:::;TOP:3 STOP BIT=1 HAS OCCURRED) 

SA=! 
LD A,E · ASCI I EQUIV OF LSN--)A REG , 

BND ATOF2 TEST FOR X··' :30(=Lsr4(= X"'::':9 

AND 

BRA ORNIBL X"'OO<=A REG<=X'~ 09. C()NTINUE 

H-7 
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S8070 8070 UTILITY SUBROUTINES 
tSCILD - GETBYT 

8E39 FC37 ATOF2: slIe 

8E3B D803 ORNIBL: OR 

8E3D 48 LD 

8E3E 5C RET 
19 .INCLD 

A .. =X~37 

A,MSN,P3 

E,A 

HE'f2ASCI 

H-8 

· CONVERT ASCII A THRU F , 
TO HEX A THRU F 

OR MSN WITH LSN TO 
FORM 8 BIT CHARACTER 

I 

· PUT CHAR INTO E REG , 

· RETURN , 
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AS8070 8070~JTILITY SUBROUTINES 
HEX2ASCI 

:3E:3F 2t:.001O 

8E42 8206 
:3E44 B4 0::::(> 0 

E:E47 46 

:3E '1. 8 C401 
E:E4A (:809 

8E4C 740D 

:=:E4E 260010 

8E51 820t:. 
:::! E 5:::: B40500 

:=:E5~. 46 

:3E57 C402 
:=:E59 CB09 

:=:E5B C4AO 
:::E5D CEFF 

8E5F 220010 

~PAGE '''HEX2ASCI ... 

~HEX2ASCI~ WILL CONVERT A HEX NUMBER TO ITS ASCII 
EQUIVALENT AND PRINT THE NUMBER WITH A TRAILING SPACE 
APPENDED. 2 DIGIT &"4 DIGIT HEX NUMBERS MAY BE CONVERTED 
DEPENDING UPON THE ENTRY POINT. 

THE SUBROUTINE REQUIRES 6 BYTES OF STACK MEMORY, DESTROYS 
REGISTERS A, E, T, & P2, AND CALLS THE SUBROUTINES 

; 'CONBYT', 'CONNIB', & NIBL2 CALL 14 (PRTLN). 

THE HEX NUMBER TO BE ,CONVERTEri' IS ASSUNED TO BE STORED IN 
THE NIBL2 VARIABLE H, AND~HE ASCII EQUIVALENT OF THE HEX 
NUMBER IS STORED IN THE MEMORY LOCATION POINTED TO BY THE 
NIBL2 VARIABLE D. THE OUTPUT STRING CONSISTS OF 3 ASCII 
CHARACTERS FOR A 2 DIGIT HEX NUMBER, AND 5 ASCII CHARACTERS 

; FOR A 4 DIGIT HEX NUMBER. THE MSD IS STORED AT THE LOWEST 
MEMORY LOCATION, WHICH IS THE BEGINNING OF THE OUTPUT . STRING • , 

HEX2ASCI: 
PRT2: LD 

LD 
ADD 

LD 

LD 
ST 

BRA 

PRT4: LD 

LD 
ADD 

LD 

LD 
~;T 

INIT: L.D 
8T 

PLI 

P2,=01000 

EA.,[i.,P2 
EA,=3 

P2,EA 

A,~l 
A, BYTCTR.,P3 

INIT 

P2,=01000 

EA,[I,F'2 
EA,=5 

P2,EA 

A,=2 
A, BYTCTR, P:;: 

A,==OAO 
A,@-l,P2 

P2,=01000 

H-9 

POINT P2 TO NIBL2 VARIABLES 

LOAD CONTENTS OF NIBL2 VAR 0 
ADD DISPL TO END OF STRING 
+ 1 

; END OF STRING LOC + 1-->P2 

STORE # OF BYTES TO CONVERT 

CONTINUE 

POINT P2 TO NIBL2 VARIABLES 

LOAD CONTENTS OF NIBL2 VAR D 
ADD DISPL TO END OF STRING 
+ 1 

END OF STRING LOC + 1--)P2 

STORE # OF BYTES TO CONVERT 

STORE ASCII liSP" WHICH WILL 
APPEAR AT END OF PRINTED 
STRING, WITH B7=1 TO [IE NOTE 
END OF STRING. DECREMENT P2 

POINT P2 TO NIBL2 VAR & 
SAVE OLD P2 
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ASe070 e07() UTILITY SUBROUTINES 
HEX2ASCI 

8E62 820E LD 
8E64 09 LD 

8E65 5E POP 

SE66 20728E CONV1: JSR 

~69 9BO'" DLD 
8E6B 6C04 BZ 

8E60 OR CONV2: LD 
8E6E 40 LD 

8E6F --74F5 BRA 

8E71 lE PRINT: CAL.L 

8E72 5C RET 

P2 

CONBYT 

A,BYTCTR,P3 
~ PRINT 

EA,T 
A,E 

CONVl 

14 

H-10 

LOAD HEX * TO BE CONVERTED 
TO ASCII & SAVE IT IN T 

; RESTORE OLD P2 

; CONV HEX BYTE IN A REG TO 
2 ABC I I ',CHARACTERS, STORE 
THEM IN THE OUTPUT STRING 
& DECREMENT P2 BY 2 

;'DECREI"1~T BYTE COUNT 
.; & EXIT ~lF COUNT = 0 

; TRANSFER 16 BIT HEX 
; # TO BE CONVERTED TO 
; TO EA REG, & PLACE 
; MSB IN THE A REO 

; CONTINUE 

; PRINT OUT ASCII FQUIV 
OF HEX # WITH TRAILING 
SPACE AND NO CR/LF 

RETURN 
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Assb70 8070 ~TILITY SUBROUTINES 
HEX2ASCI - CONBYT 

8E73 48 

;3E74 ~97F8E 

SE77 40 

:~E78 3(: 
8E79 3(: 
8E7A 3(: 

BE7B 3C 

8E7C 207F8E 

SE7F 5C 

€lESO D40F 

8E82 FCOA 

:3E84 6404 

SEE:6 F43A 

SE8S 7402 

:3EE:A F441 

8E:3C CEFF 

8ESE 5(: 
20 

• PAGE 'HEX2ASCI - CONBYT~ 

'CONBYT' CONVERTS THE HEX BYTE PRESENT IN THE A REGISTER TO 
ITS ASC I I EflU I VALENT,. AND STORES THE TWO Ase I I CHARACTERS 
CREATED IN THE MEMORY LOCATIONS POINTED TO BY f'2. P2 MU~=;T 

; BE SET TO AVAILABLE RAM BEFORE THE SUB~OUTINE IS ENTERED, 
AND P2 IS DECRE~ENTED BY 1 WHEN EACH ASCII CHARACTER IS 
STORED. 

THE SUBROUT I NE DESTRO.xS ." REG I STERS A AND E, AND IS E X I TED 
; WITH P2 :POINTING To""'fAE MS ASCI I DIGIT, WHICH. I:; STORED AT 

THE LOWER MEMORY LOCATION. 

CONBYT: 

CONNIB: 

LT10: 

GE10: 

STORE: 

LD 

JSR 

LD 

SR 
SR 
SR 
SR 

.JSR 

RET 

AND 

SUB 

BF' 

ADD 

BRA 

ADD 

ST 

RET 

E,A 

CONNIB 

A,E 

A 
A 
A 
A 

CONNIB 

A,=OF 

A,=OA 

GE10 

A, =X "'3A 

STORE 

A, @-1, F'2 

.INCL.D WRTAF'E 

H-11 

· SAVE BYTE TO BE , 
· CONVERTED IN E REG , 

CONVERT ~ STORE ASCII 
EQUIV OF LS NIBBLE 

· RESTORE HEX BYTE TO A , 

SHIFT MS NIBBLE TO LS 
· NIBBLE POSITION , 

CONVERT ~ STORE ASCII 
; EQUIV OF MS NIBBLE 

; RETURN 

; MASI< OFF L.S 4 B I T8 

SUBTRACT X·' A= 1 0 

TES;T RESULT 

NIBBLE WAS 0 THRU 9 
CONV NIBBLE TO ASCII 

CONTINUE 

NIBBLE WAS 10 THRU 15 
CONV NIBBLE TO ASCII 

STORE ASCII EQUIV OF 
NIBBLE ~ DECR P2 BY 1 

RETURN 

REG 
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AS8070 8070 UTILITY SUBROUTINES 
WRTAPE 

0000 

0002 
000:3 

0004 

0005 

002E 

00:30 

• PAGE "'WRTAPE'" 

'"WRTAPE''' INTERFACES THE INS8073 TO A CASSETTE RECORDER FCIR 
; STORAGE/RETRIEVAL OF USER PROGRAMS. PROGRAMS WHICH MAY BE 

SAVED INCLUDE NIBL2 PROGRAMS AND ASSEMBLY LANGUAGE l.M···S. 

· , 
· ,. 

· , 

· , · , 

WHEN THE 'WRTAPE'" SUBROUTINE IS USED IN CONJUNCTION WITH 
THE NIBL2 PROGRAM "'UTILITY"', THE USER CAN SPECIFY THE BLOCK 
OF RAM TO BE WRITTEN ON THE TAPE. THE TAPE FORMAT IS AS 
FOLLOWS: 

1 ) 

2) 

3) 

4) 

5) 

6) 

APPRO X IMATELY 5 SECONDS' OF O· .. ~; WHICH SERVE AS LEADER 
SO THAT THE TAPE SPEED HAS TIME TO STABILIZE ON 
PLAYBACK. THE LEADER ALSO ALLOWS THE RECEIVING 
PROGRAM TO PROPERLY SYNC TO THE CLOCK PULSES. 
ID CHARACTER=X"'A5 WHICH IDENTIFIES THE START OF 
EACH RECORD. 
A BYTE WHICH SPECIFIES THE RECORD TYPE: 
DATA RECORD=X"'Ol END RECORD=X"'03 
A BYTE WHICH IDENTIFIES THE TOTAL NUMBER 
OF DATA BYTES IN EACH RECORD, N. 
tJ CAN RAt~GE FROt1 1 TO 256. (0 - 255) 
THE LSB OF THE STARTING ADDRESS WHERE THE DATA 
RECORD IS TO BE STORED. 
THE MSB OF THE STARTING ADDRESS WHERE THE DATA 
RECORD IS TO BE STORED. 

7) 1 - 256 PROGRAM BYTES 
8) A SINGLE BYTE CHECKSUM (IN 2"'S COMPLEMENT FORM) 

OF ALL BYTES CONTAINED IN THE RECORD EXCEPT FOR 
THE In CHARACTER 

DISPLACEMENTS RELATIVE TO P3: 

.SET N9,0 NB=REt'lA I N I rJ(; # OF PGM BYTE~::; 

TO BE WRITTEN (2 BYTES) 
.SET N,2 N=# DATA BYTE:::; IN DATA REC 
. SET Ct<SUM,3 CJ:::SUM Ie· .... THE RECORD CHECKSUM 

ACCUMULATED IN MEMOR\( 
.SET WRCTR,4 . BIT COUNTER FOR , 

THE "WRCHAR'" SUBROUT I t"E 
.SET LDRCTR,5 LEADER COUNTER FOR THE . SNDLDR ROUTINE (2 BYTES) , 

DISPLACEMENTS RELATIVE TO P2: 

.SET X,46- LOC OF NIBL2 VARIABLE' X 
(MEMORY STARTING ADDR) 

.SET '(,48 ; LOC OF NIBL2 VARIABl.E y' 
(MEMORY ENDING AnDR) 

H-12 
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AS81070 8070 UTILITY SUBROUTINES 
WRTAF'E 

r=:E8F 

8E9l 

BE'~4 

SE96 

:::;E9E: 

8E9A 

BE9C 
SF.:9F 

::::EAl 

8EA3 

FFOO 

:39FE 

2700FF 

39FB 

3B08 

:3230 

eA2E 

B40100 
8BOO 

822E 

46 

09C4 
005E 

.SET SRAM, ()FFOO SCRATCH RAM TO WHICH P3 
POINTS FOR THE 'WRTAPE' 
SUBROUTINE 

WRTAPE: AND S,=OFE ; DISABLE 1NTERRUPTS 

LD P3,=SRAM ; POINT P3 TO SCRATCH RAM 

AND S,=OFB seT F2=O 

CIR S,'::{}8 SET F3=1 

CALCULATE AND STORE NB = .. OF DATA BYTES TO BE WRITTEN 

LD EA,Y,P2 ; LOAD ENDING ADDRESS 
(NIBL2 V) INTO EA REG 

SUB EA,X,P2 · SUBTRACT STARTING , 
· ADDRESS (NIBL.2 X) , 

ADD EA,=Ol · ADD 1 , 
8T EA,NB,P3 SAVE NB 

. SET PTR p'-::' = STARTING ADDRESS WHERE DATA 1'-' TO BE STORED , 
' .... .:;, 

LDP2: LD EA,X,P2 LOAD STARTING ADDRESS 
· INTO EA REG , 

LD P2,EA · SET P2=STARTING ADDRESS , 

SEND LEADER ROUTINE 

THIS ROUTINE TRANSMITS APPROXIMATELY 5 SECONDS OF O'S 
(APPROX 2500 @ 500 BAUD) TO ACT AS LEADER, ALLOW THE TAPE 
TO SETTLE ON PLAYBACK, AND TO ALLOW PROPER SYNC TO THE 
CLOCr.~ PULSES. 

SNDLDR ROUTINE PARAM~TERS: 

.SET 

.SET 
LDRCNT,2500 ; .. OF eLK PULSES IN LEADER 
BITDLY,94 DELAY COUNT TO PRODUCE 1 

BIT DELAY 

E:EA4 ... 84(:409 S;NDLDR: LD EA,=LDRCNT 
EA, LDRCTR, P:3 

LOAD LEADER COUNT 
AND STORE IT '~~A7 8B05 ST 

:~:EA'~I 205:3:3F LOOPA: .JSR 

:;::EAC C45E LD 
8EAE 20F7:3F .J!::R 

:3EBl 8::::05 LD 
::::EB:3 BC0100 SUB 

A,=BITDLY 
I:tELAY 

EA,LDRCTR,P3 
EA,:: 1 

H-13 

WRITE ClJ< PULSE 

LOAD DELAY COUNT 
DELAY 1 BIT TIME 

LOAD LEADER COUNT 
DEeR LEADER COUNT 
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AS8070 8070 UTILITY SUBROUTINES 
WRT~PE 

8EB6 8B05 

SEB8 58 
8EB9 7CEE 

SEBB 84FFOO 
SESE BBOO 
8ECO 3F 
SEC1 6408 

8EC3 9:300 
8Ee5 CB02 
8EC7 840000 
8ECA 8BOO 
BECC 740B 

:3ECE C4()0 
8EDO C802 

8ED2 8300 
8ED4 BCOO01 
E~E[l7 8BOO 

8ED9 C:302 
:3EDB F401 
8EDD (:B03 

:3EDF C4A5 
BEEl 20298F 

:3EE4 C401 
8EE!:.· 20298F 

8EE9 C~~02 
8EEB 202'?J8F 

8EEE ::::2 
BEEF 2029E:F 

:3EF;:: F30:::: 
E:EF4· CBO:3 

8EF6 .J--:' 
... 'L 

8EF7 40 
8EF8 202',,8F 

:3EFB F:30:3 
::::EFD C:BO:::: 

:3EFF C601 
8FOl 2029:=:F 
8F04 F~::<)3 

RECORD: 

LE255: 

GT255: 

NXTl : 

LOOP[l: 

ST 

OR 
BNZ 

LD 
SUB 
RRL 
BP 

I:D 
ST 
Ltl 
ST 
BRA 

LD 
ST 

LD 
SUB 
ST 

LD 
ADD 
ST 

LD 
..JSR 

LD 
.JSR 

LD 
,JSR 

LD 
.JSR 

ADD 
ST 

LD 
LD 
.JSR 

ADD 
ST 

L[l 
.JSR 
ADD 

EA,LDRCTR,P3 STORE NEW LEADER COUNT 

A,E TEST FOR LEADER COUNT 
LOOPA ; =0. 

EA,=255 LOAr- 255 
EA,NB,P3 · SUBTRACT NB , 
A · GET CV INTO A7 , 
GT255 · ANn TEST IT , 

EA,NB,P3 · CY=l. NS·(=255 , 
A .. N,P3 SET N=NB 
EA,=O SET NB=O 
EA,NB,P3 
NXTl CONTINUE 

A,=O CY=O. NB>255 
A,N,P3 SET N=O 

EA .. NB,P3 SET NB=NB-25~. 
EA,=256 
EA .. NB .. P~: . 

A,N,P3 · LOAD N INTO A REG , 
A,=Ol ADD REC TYf'E=X·"Ol 
A,CK8UM .. P3 · STORE INTO CHKSU~l ., 

A, =X "'·A5 LOAD ID CHAR=X·"A5 
WRCHAR WRITE CHAR ON TAPE 

A .. =Ol · LOAD DATA REC TYPE , 
WRCHAR =X···Ol 8( WRITE ON TAPE 

A,N,P3 LOAD # OF BYTES IN DATA REC 
WRCHAR 8< WRITE ON TAPE 

EA,P2 LD STARTING ADDR INTO EA 
WRCHAR WRITE LSB ON TAPE 

A,CKSLlM,P3 ADD CI<SUM TO LSB OF STARTING 
A, CI<SLlI"1, F'3 ADDRESS ~( STORE NEW CKSUt-1 

EA,P2 ; LD STARTING ADDR INTO EA 
A,E MSB OF !:;;TARTING ADDR--:>A REG 
WRCHAR WRITE MSB ON TAPE 

A, C~~~;UM, P3 · ADD CI<SUM TO MSB OF START INC, , 
A,CI<SUM,P3 · ADDRESS 8( STORE NEW (l~SI..lM , 

A,@+1,P2 · LD DATA BYTE & INCR PTR , 
WRCHAR WRITE DATA BYTE ON TAPE 
A, CI<SUM , P:3 · ADD CHAR TO C~~SLlM , 

H-14 
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AS8070 YS070 UTILITY SUBROUTINES 
WRTAPE 

8F06 CBO:::: 

8FCH3 9B02 
8FOA 7CF3 

8FOC: C303 
8FOE E4FF 
eFtO F401 
8F12 20298F 

8F15 8300 
8F!7 58 

. 8FtS 7CAt 

ST 

DLD 
BNZ 

L[I 

XOR 
ADD 
..JSR 

LD 
OR 
BNZ 

A., CKSUM., P:::: 

A.,N.,P3 
LOOPD 

A.,CKSUM.,P3 
~ A., =OFF 

A,=Ot 
WRCHAR 

EA,NB.,P3 
A,E 
RECORD 

; STORE NEW CKSUM 

~ SET N=N-l 
8c LOOP IF N<:)'O 

; LOAD CKSUM INTO A 
TAK~ 2'8 COMPLEMENT 

; OF CKSUM AND 
WRITE IT ON THE TAPE 

; LOAD NB & TEST FOR 0 
; WRITE NEXT RECORD JF 
; NB<:)O 

; WRITE END RECORD ON THE TAPE 

8FtA C4A5 
:=:F 1 C 202';>8F 

8FIF (:40:3 
8F21 20298F 

E:F24 (:4FD 
8F26 20298F 
8F29 5C 

LD 
.JSR 

LD 
,JSR 

LD -
,JSR 
RET 

A,=X"A5 
WRCHAR 

A., =03 
WRCHAR 

A, =X "FD 
WRCHAR 

H-15 

; NB=O 
WRITE ID CHAR ON TAPE 

WRITE END RECORD TYPE 
=X'03 ON TAPE 

YRITE 2~S COMPLEMENT OF 
C.<SUt1 ON TAPE 

; RETURN 
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~Et070 8070 UTILITY SUBROUTINES 
~TAPE - WRCHAR 

Q01A 
- OOlA 

005F 

8F2A 48 

:3F2B C408 
8F2D C804 

8F2F 40 
8F30 3E 

8F31 4::: 

8F32 641.2 

E:F34 ~0538F 

:3F~:7 C41A 
8F39 20F78F 

8F3C 205:38F 

:=:F:~:F C41A 
::::F41. 20F78F 

8F44 7408 

::<F46 20538F 

8F49 C45F 
8F4B :2'OF78F 

8F4E 9B04 

8F50 7CDn 

E:F52 40 

8F5::': 5C' 

. PAGE 

; ~WRCHAR~ WRITES THE 8 BIT CHAR.PRESENT IN THE A REG ON THE 
TAPE. THE PROGRAM DESTROYS REGISTER E, ASSUMES THAT 
POINTER P3 13 POINTING TO 1 BYTE OF AVAILABLE RAM (WRCTR), 

; AND CALl.S THE ", DELAY / SlIBROllT I NE • 

~ SUBROUTINE PARAMETERS INCLUDE: 

WRCHAR: 

SHIFT: 

SEtJD 1 : 

SEND€): 

DEceNT: 

.SET 

.SET 

.SET 

LD 

LD 
ST 

LD 
RR 

LD 

BP 

.JSR 

LD 
. .JSR 

. ...ISR 

LD 
. .JSR 

BRA 

--.ISR 

LD 
.JSR 

DLD 

BNZ 

LD 

RET 

WRCTR 

HLFDLY,26 
ENDDLV,26 
FULDLY,95 

E,A 

A,=OS 
A,WRCTR.,P3 

A,E 
A 

E,A 

SENDO 

PULSE 

A,=HLFDlY 
DELAY 

PUl.SE 

A,=ENDDLY 
DELAY 

DEceNT 

PULSE 

A'I=FULDLY 
DELAY 

A 'I WRCTR ., P:3 

SHIFT 

A,E 
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LOC WHERE BIT COUNT WILL 
BE STORED REItAT"IVE TO P3 

;~COUNT FOR.1/2 BIT DELAY 
.~ . 'COUNT FOR END OF BIT DELAY 
; COUNT FOR 1 BIT DELAY 

· SAVE CHAR IN E REG , 

SET BIT COUNT=8 

XFER CHAR TO A REG 
ROTATE LSB TO BIT 7 
WHERE IT CAN BE SENSED 
SAVE ROTATED CHAR IN E 

TEST BIT TO BE WRITTEN 

BIT=l. SEND CLOCt< PULSE 

SET DLY COUNT==1/2 BIT TIME 
· DELAY TO ~11DDLE elF BIT , 

WRITE DATA BIT=1 

DELAY TO END OF 
BIT TIME 

· CCtNTINUE , 

BIT=O. SEND CLOCK PULSE 

SET DLY COUNT=! BIT TIME 
DEL.AY 1 BIT TIME 

DECREMENT BIT COUNT 

REPEAT UNTIL. BIT COtINT=O 

RESTORE ORIG CHAR TO A REG 

RETURN 
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AS8070 8070' UTILITY SUBROUTINES 
WRTAF'E - PULSE 

OOOF 

OOOF 

BF54 :3B04 

SF56 C40F 
:=::F5:3 20F78F 

8F5B 39F:3 

8F5D C40F 
8F5F 20F78F 

:::F62 3B08 

:=:Fc.4 5C 
:;~ 1 

• PAGE ~'WRTAPE - PULSE'" 

"'PULSE'" WRITES 1 CLOCK OR DATA PULSE ON THE TAPE, CALLS THE 
; 'DELAY' SUBROUTINE, .AND ASSUMES THAT FLAGS F2 & F3 HAVE 

BEEN INITIALIZED TO THE STATE F2=O AND F3=1. 

· ., 

· ., 

· ., 
· ., 

· , 

SUBROUTINE PARAMETERS INCLUDE: 

.SET 

.SET 

Dl,15 

D2,15 

; DELAY WHICH SETS DURATION 
;.DF POSITIVE EXCURSION 

DELAY WHiQli::SETS nURATIOI'J 
OF NEGA·r:tVi::- EXCURSION 

OUTPUT PULSE GENERATED BY COMBINING 
F2 & F3 OUTPUTS APPEARS AS FOLLOWS: 

++++++ 
+ 01 + 

++++++ + 
+ 

+++++++ 
D2 + 

++++++ 

PULSE: OR 8.,=04 ; SET F2=1. (F3=1 ) 

LD A.,=Dl SET DELAY COUNT=Dl. 
.JSR DELAY · DELAY FOR D1 , 

AND S.,=OF3 · SET F2=F3=O ., 

LD A.,=D2 SET DELAY COLlNT=D2 
... ISR DELAY · DELAY FOR 02 , 

OR S,=08 · SET F3=1. (F2=O) , 

RET · RETURN ., 
.INCLD RDTAPE 
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) 8070 UTILITY SUBROUTINES 

0000 
0001 

0002 

0004 
0005 

002E 

. PAGE "RDTAPE" 

; ~RDTAPE~ INTERFACES THE INSS073 TO A CASSETTE RECORDER FOR 
; STORAGE/RETRIEVAL OF USER PROGRAMS. PROGRAMS WHICH MAY B~ 
; SAVED AND RETRIEVED INCLUDE NIBL2 PROGRAMS AND ASSEMBLY 
; LANGUAGE LM·" 8 . 

I 

THE ·"RDTAPE~ SUBROUTINE REQUIRES t.. BYTES OF SCRATCHPA[I RAM 
; AND CALLS THE ~;UBROUTINES "'GETBIT·" AND · .. RCVCHR· ... 

;"-!.~JHEN A TAPE RE!SIDENT F'ROGRAM IS READ INTO RAM, THE USER t'jAY 
1Tl.SPECIFY AN OPTIONAL DISPI:ACEMENT WHICH IS ADDED TO THE 

STARTING ,. ADDRESS OF EACH DATA RECORD. THIS E"EATl..IRt ALLOWS 
ASSEI'1BLY LANGUAGE LM·'S AND NIBL2 PROGRAMS TO 'BE LOADED INTO 
MEMORY AT LOCATIONS SPECIFIED AT LOAD TIt1E. 

; THE FORMAT OF THE DATA WRITTEN ON THE TAPE IS AS FOLLOWS: . -, 

. , 

1) APPROXIMATELY 5 SECONDS OF o~s WHICH SERVE AS LEADER 
SO THAT THE TAPE SPEED HAS TIME TO STABILIZE ON 
PLAYBACK. THE LEADER ALSO ALLOWS THE RECEIVING 

2) 

:::: ) 

4) 

5) 

I~. ) 

7) 
:3 ) 

PROGRA~l TO PROPERLY SYNC TO THE CLOCK PULS;ES. 
ID CHARACTER=X/A5 WHICH IDENTIFIES THE START 
OF EACH RECOR[I. 
A BYTE WHICH SPECIFIES THE RECORD TYPE: 
DATA RECORD=X/Ol END RECORD=X/03 
A BYTE WHICH IDENTIFIES THE TOTAL NUMBER 
OF DATA BYTES IN EACH RECORD, N. 
N CAN RANGE FROM 1 TO 256. (0 - 255) 
THE LSB OF THE STARTING ADDRESS WHERE THE DATA 
RECORD IS TO BE STORED. 
THE MSB OF THE STARTING ADDRESS WHERE THE DATA 
RECORD IS TO BE STORED. 
1 - 256 PROGRAM BYTES 
A SINGLE BYTE CHECKSUM (IN 2/8 COMPLEMENT FORM) 
OF ALL BYTES CONTAINED IN THE RECORD 
EXCEPT FOR THE ID CHARACTER 

DISPLACEMENTS RELATIVE TO PTR P3: 

.SET CKSUM,O CHECKSUM FORMED IN MEMCJRY 
RCVCTR = 1 · .. OF CHAR BITS RECEIVED , 

IN "·RCVCHR·" SUBROUTINE 
:=:TADR = ."") 

"- RECORD STARTING ADORE:::;:::; 
(2 BYTES) 

.SET N.,4 # OF DATA BYTES IN nATA F:EC 
SCOUNT :- 5 SAMF'LE COUNT (# OF SAMPLES 

· IN ·'(;ETBIT'" SUBROUTINE) , 

D I :;;F'LACENENT~; RELATIVE TO PTR P2: 

• SET X, 4~ • · STARTING ADDR DISPLACEMENT , 

, H-18 
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AS8070 8010 UTILITY SUBROUTINES 
RDTAPE 

00:32 .SET 

FFOO .SET 

8F6.5 39FE .. RDTAPE: AND 
SF!:.. 7 2700FF LD 

8F6A (:400 REPEAT: LD 
8F6C 48 LD 
8Fc.n eBOO ST 

8F6F 20C18F SYNCLP: .JSR 

8F72 E4A5 XOR 
8F74 7CF9 BNZ 

8F76 20E78F .J8R 

8F7';o F300 ADD 
8F7B CBOO ST 

8F7D 40 LD 

8F7E E401 XOR 
8F80 7C:3:3 BNZ 

8F82 20E78F [tREC: J8R 

8F85 CB04 ST 

8F87 F:300 ADD 
8F89 ceoo ST 

8F8B 20E78F .J:=;R 
8F8E OA PUSH 

8Fl;:F F:~:OO AnD 
8F~/l C800 ~=;T 

8F'i~: 20E78F .JSR 
:;:F9c. F:300 ADD 
:3F'i8 C800 :::;T 

8F9A ·-,t-, .,;..-. POP 

· ., 

Z.,50 · ., 

~;RAt·l., OFFOO · ., 
· ., 

S,=-OFE , 
F'~~, =SRAM · , 
A,=O · ., 
E,A · ., 
A, CI<SUM,F'3 · , 
GETBIT · ., 

; 

A, =X '''AS 
SYNCLP 

· ., 
RCVCHR · ., 

A, CI<SUt·1, P3 · ., 
A., Cf<SUM., P3 · ., 

A,E 

A,==Ol 
EREC 

· ., 
RCVCHR · ., 

A,N,P3 · ., 

A, CI<SUM, P:3 
A, CI<SUM , P:3 

RCVCHR 
A 

A, Cf<SUM., F'3 
A, CKSUt·1, P:3 

RCVCHR 
A., CKSUM,P3 
A, CKSUM, P:;: 

A 
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(NIBL2 VARIABLE X) 

CHECI<SUi'l ERROR FLAG 
(NIBL2 VARIABLE Z) 

SCRATCH RAt·l TO WHICH P'~ .;;.0 

POINTS 

[II SABLE INTERRUP::T~ 
PO I NT,'!'ftrS TO SCRATCH RAM 

LOAD 0 
SET CHAR=O IN E REG 
SET CI<SUM=O 

SHIFT BIT INTO CHAR 
WHICH 18 RETURNED IN 
A REG AND E REG 
TE!:;T FOR CHAR=X"A5 
GO TO SYNCLP IF CHAR<>X '''A5 

CHAR=X"A5 
GET RECORD TYPE IN 
A REG 8< E REG 
ADD CI<SUM TO RECORD TYPE 
STORE NEW Cf<SUM 

LOAD RECORD TYPE INTO A REG 

TEST A REG FOR DATA RECORD 
DATA RECORD XMITTED IF A=Ol 

A==Ol. DATA RECOR[I BEING REeD 
GET N=# (IF DATA BYTES IN 
THE RECORD IN THE A REG 

SAVE N 

ADD CKSUM TO N 
STORE NEW CKSUrl 

ADDRL--)-A REG 
SAVE ADDRL (IN STACI< 

ADD CI<SUM TO ADDRL 
E;TORE NEW CI<SUM 

ADDRH-->A REG 8< E REG 
i=iDD CKSUM TO ADDRH 
STORE NEW CI<SUM 

ADDRL--->A REG. (ADDRH 
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ROT APE 

8F9B B22E 

8F9D 56 
8F9E 46 

ADD 

PUSH 
LD 

8F9F 20E78F (;ETDTA: "JSR 
8FA2 CEOl ST 
8FA4 F300 ADD 
SFA6 CBOl) ST 
eFA~ 9B04 DLD 

SFAA 7CF3 BNZ 

8FAC ~.e: 
8FAD 20E78F 
8FBO F300 

8FB"2 6C8(:. 

8FB4 840100 SERR: 
8FR7 8A32 
8FB'7J 5C 

BFBA 20E78F EREC: 
8FBD F300 

8FBF 7CF~:: 

8FCl 5C 

POP 
.JSR 
ADD 

Bl 

LD 
ST 
RET 

JSR 
ADD 

BNZ 

RET 

EA,X,P2 

P2 
P2,E(\ 

RCVCHR 
A,@+1.,P2 
~.A , CKSUM , P3 
A, CKSUM, P~'i 
A,N,P3 

GETDTA 

P2 
RCVCHR 
A,CKSlIM,P3 

REPEAT 

EA,=Ol 
EA,Z,P2 

RCVCHR 
A, CKSUr·1, P3 

SERR 
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IS ALREADY IN E REG) 
; ADD IN DISPLACEMENT 
; -(NIBL2 VARIABLE X) 

SAVE NIBL2 VARIABLE PTR 
; XFER REC STARTING ADDR TO P2 

; DATA BYTE-->A REG 
; STORE BYTE & INCR PTR 
; ADD CKSUt-1 TCI DATA BYTE 

STORE NE~'CKSUM 
; DECR CHAR COUNT,N~ & 
; LOAD INTO A REG 
; GET NEXT DATA BYTE IF 
; COUNT,N,IS NOT 0 

; CHAR COUNT=N=O 
; RESTORE NIBL2 VARIABLE PTR 
; TAPE CKSUM-->REG A 

ADD CKSUM STORED IN 
MEMORY TO TAPE CKSUM 
IF A REG=O BOTH CHECK~~MS 
MATCH; GET A NEW RECORD 

; A REG <> O. CHECKSUMS DIFFER 
SET ERROR FLAG, 
NIBL2 VARIABLE Z, = 1 

; RETtJRN 

A REG <> o. END RECORD REeD 
TAPE CKSUM-->A REG 
ADD CKSUM STORED IN 
MEMORY TO TAPE CKSUM 

; IF A REG=O CHECKSUMS MATCH 

A REG=O. CHECKSUMS MATCH 
RETURN 
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RDTAPE - GETBIT 

00:39 

E:FC2 C40(: 
::=':FC4 CB05 

8FCce 06 

8F(:7 D420 
8FC9 7CFB 

8FCB C439 
8FCD 20F78F 

8FDO 06 

8FDl D420 

8FD3 6(:08 

8FD5 9B05 
8FD7 7CF7 

8FD9 40 

• PAGE 'RDTAPE - GETBIT' 

; 'GETBIT~ RECEIVES 1 BIT INTO BIT 7 OF THE E REGISTER. (THE 
; E REGISTER MUST BE SET TO 0 BEFORE A CHARACTER CAN BE 
; FORMED). 'GETBIT' IS CALLED 8 TIMES BY THE 'RCVCHR~ 

; SUBROUTINE IN bRDER TO RECIEVE AN 8 BIT CHARACTER INTO THE 
; E REGISTER. 'G~TBIT' IS ALSO RE~EATEDLY CALLED BY THE 
; "RDTAFeE'" PROGRAM SYNCHRONIZATION LOOP IN ORDER TO LOCATE 
; THE START OF RECORD CHARACTER (X·' AS·' ) • 

INVSRT·£'D DATA AND CLOCK PULSES ARE RECEIVED .LON THE SB."J-NF'\Jl 
; (WHEN 8B=0 DATA/CLOCK ARE PRESENT) ~ .~. 

; 'GETBIT" ASSUMES THAT P3 IS POINTING TO 1 BYTE OF AVAILABLE 
SCRATCHPAD RAM (SCOUNT), AND CALLS THE SUBROUTINE "'Da.AY/. 

GETBIT SUBROUTINE PARAMETERS: 

GETBIT: 

GETCLt<: 

· . . . , , , , 
; ; ; ; 

SMF'L: 

· .. -. ., , , , · . . . , , , , 

SMPLO: 

RETO: 

HDLYl = 57 ; DELAY TO START OF FIRST SAMPLE 

SCOUNT I S THE SAMPLE COUNT (.. OF SAt1PLES 
TAKEN BEFORE A '0'" DATA BIT IS RETURNED) 

LD A,=12 ; SET SAMPLE CQUNT=9 
ST A,SCOUNT,P3 

LD A,S · WAIT FOR CLOCK PULSE ON , 
· SB INPUT , 

OR S~=04 ***PULSE F2******** 
AND S,=OFB ; ******************* 

AND A,=020 · NASK OFF SB , 
BNZ GETCLK WAIT UNTIL SB GOES LOW 

LD A,=HDLYI ; CLOCK PULSE I~· .::a PRESENT 
.JSR DELAY DELAY TO START OF 

· SAMPLE TIME , 
LD A ,-. , .::0 ; SAMPLE INVERTED BIT ON SB 

OR 8,=08 ***PULSE F3******* 
AND S,=OF7 ****************** 

AND A, =020 

BZ RET1 · TEST SAMPLED BIT =0 OR 1 , 

· SAI1PLED BIT=O , 
DLD A, SCOUNT, P:3 DECREMENT SAMPLE COUNT & 

BN·Z SMF'L CONTINUE IF COUNT<>O 

FINAL VALUE OF DATA BIT=O 
LD A,E LOAD CHARACTER 
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RDTAPE - GETBIT 

BFDA 3(: SR A · INTO THE A REG 8< SHIFT ., 

· IT RIGHT BV 1 BIT. ., 
BIT 7 =0 BY DEFAULT 

8FDB 4~ LD E.,A · PUT CHAR INTO E REG ., 
SFDC 5C RET · RETURN ., 

FINAL VALUE OF DATA BIT=1 
8FDD 06 RET1: LD A.,S · ~AIT UNTIL SB=1 ., 
SFDE D420 AND A., =020 · (DATA PULSE GOES AWAY) ., 
SFEO bCFB BZ RET'!'· 

'< 

8FE2 40 LD A.,E LOAD CHARACTER 
8FE:3 3C SR A · INTO THE A REG 8< SHIFT ., 
8FE4 DC80 OR A, =080 IT RIGHT BY 1 BIT 

· SET BIT 7 =1 ., 

8FE{:. 48 LD E.,A · PUT CHAR INTO E REG ., 
8FE7 5C RET · RETURt" ., 
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RDTAPE - R[IVCHR 

8FE:3 C408 
8FEA CBOl 

8FEC C400 
8FEE 48 

8FEF 20C18F 

8FF2 9B01 

8FF4 7CF9 

8FFI:.. 40 

t:::FF7 5C 
"-t·-S 
L4!'. 

• PAGE ~RDTAPE - RDVCHR~ 

~RDVCHR' RECEIVES ONE S BIT CHARACTER INTO THE A REGISTER 
AND THE E REGISTER. 

~RCVCHR~ ASSUMES T~AT PTR P3 IS POINTING TO 1 BYTE OF 
; AVAILABLE SCRATCHPAD RAM (RCVCTR), AND CALLS THE SUBROUTINE 
; 'GETBIT' 8 TIMES IN ORDER TO ,RECEIVE A COMPLETE 8 BIT 

CHARACTER. 

; PARAMETERS FOR 'RCVCHR~' INCLUDE: 

RCVCHR: LD 
ST 

LD 
LD 

LOOP2= ..JSR 

OLD 

BNZ 

LD 

RET 
.INCLD 

; RCVCTR IS THE COUNTER WHICH COUNTS 
; THE NUMBER OF BITS RECEIVED 

A,=08 SET BIT COUNT =8 
A, RCVCTR,P3 

A,=O ; CLEAR THE E REG WHERE 
E,A CHAR WILL BE FORt·1ED 

GETBIT . GET 1 BIT INTO E REG , 

A,RCVCTR,P3 DECREMENT BIT COUNT 

LOOP2 . CONTINUE UNTIL COUNT=O ., 

A,E PUT CHAR INTO A REG 

RETURN 
DELAY 
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DElrAY, 

8FF8 FCOt 

8FFA 7CFC 

8FFC 5C 

-/-":) .c..-_' 0000 

. PAGE "[IELAY" 

; "DELAY" GENERATES A DELAY BY DECREMENTING A DELAY COUNT 
WHICH HAS BEEN PREVIOUSLY LOADED INTO THE A REGISTER. 

WHEN EXECUTED FROM ~XTERNAL MEMORY, THE, TOTAL TIME DELAY 
; (UCYCLES) GEN~RATED BY THE SUBROUTINE, INCLUDING THE 

PREVIOUSLY EXECUTED INSTRUCTIONS _ .. .JSR DELAY--- & "LD 
A,=DELAYCOUNT~, IS AS FOLLOWS: . , 

; 'TOTAL DELAY =,f39 + 14 * DELAYCOUNT 

WHERE DELAYCOUNT RANGES FROM 1 TO 255. 

DELAY: SUB A,=01 · DECREMENT PREVIOUSLY , 
· LOADED DELAY COUNT , 

BNZ DELAY · LOOP UNTIL COUNT = 0 , 

RET · RETURN , 

.END 
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ADRMSG SEll ASCILD 8081 * BI10 8081 * B4800 SD8a * 
CKSlIt·1 0000 CONBYT SE73 
CONV2 8E6D * CTR 0004 
D2 OOOF DEceNT 8F4E 
DTAREC SODA ENDDLV OOtA 
FULDLV 005F GE10· SE8A 

ATOFl 8E24 
BITDLY OOSE 
CONNIB SESO 
D 0006 
DELAY SFF8 
EREC 8FBA 
GEeO 0933 

GETBVT SEl7 GETCLK 8FC6 G~TDTA 8F9F 
H OOOE HDLVl 0039 HEX2AS 8E3F * INIT SE5B Ll 8E06 LDP2 SEAl * LDRCTR 0005 LE2S5 SEC3 * LOOP1 8092 
L(IOPA 8EA'~ LOOPD 8EFF LTlO 8E86 * 
MSN 0003 N 0004 NB 0000 
NEXT 8D8D NOTDTA 8DEA N~;TOPI 8D95 
NST1..1P3 SE2F NXTl 8ED9 NXTBYT 8DDD 
PRINT 8E71 PRT2 8E3F * PRT4 SE4E 
RCVCHR 8FE8 RCVCTR 0001 RDTAPE 8F65 * 
RECTST 8DFC RECTYP 0002 REPEAT 8F~.A 

RET1 SFDD SCOUNT 0005 SENDO 8F4~. 

~;ERR 8FB4 SHIFT 8F2F SHIFT1 8E2l:. 
SMPLO 8F05 * SNDLDR 8EA4 * SRAM FFOO 
STORE SEse SYNCLP 8Fl:.F WRCHAR 8F2A 
WRTAPE 8E8F * X 002E Y 0030 

NO ERROR LINES 
SOURCE CHECKSUM = FEF2 
OBJECT CHECKSUM = ODA5 
INPUT FILE 1 : ASSYLANG. SRC. ON UT8070 
LISTING FILE l:ASSYLANG.LST ON UT8070 
OB.jEeT FILE l:ASSYLANG.LM ON UT8070 

H-25 

ATOF2 8E39 
BYTCTR 0009 
CONVl 8Ef..6 
Dl OOOF 
DREC SF82 * 
FDELAV FFEC 
GETBIT 8FC2 
GT255 8ECE 
HLFDLV OOlA 
LDRCNT 09(:4 
LOOP2 8FEF 
MCKSUM 0001 
NBYTES 0000 
NSTOP2 SEIA 
ORNIBL 8E:3B 
PULSE 8F54 
RECORD 8EBS 
RETO 8FD9 * SENrl1 8F:34 * SMPL 8FDO 
STADR 0002 * 
WRCTR 0004 
Z 0032 
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