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Languages for
the Home Computer

‘igz'ﬂ:é« 3
;g &

wme Computers are indeed wonderful machines.
Hley have been carefully designed 10 allow bepin.
ers 10 do meaningful tmshs, act & edscational Leels,

aind pravide howurs of inexpensive !.lrmiy enlsmainnen
Al of this is made pasable by 1he ity of “*user-
Frsendly”” soltware—Command c‘am.dw.. CRSEILE TA0CS,
arad fasppry shisks that have beea pre-recorded with progean-
nuig imstructions (he computer can wnderstand and carey

Users of this -.unw;ue nmJ it consern (hensehes with
tum sctually af
i, uu, et sniten vu(h m..: zuuaywnmuw. human
el hnowa @ curioity,' and want 1o understand
-«nmllunz abour the process. .
the Home Computer is nor s

5 | in s:mulya nicans of cammunicatiny
math & machine in a fanguage that boch luamars and hisman.
devigind electronic vircuits can undersiand —walhing more
clabosate than basic, down-o-canth communicatio
Langunges, un.-mcr Imm:ln to-human or hunn-o-
T wikdely complexily, Depending on
, varying .uno..m, of memorization and prac-
e before & “speaker” can communicate ef.
e o computer language wmp\ul[;‘ run
the gamut (rom conversational Englich phases, 1o 1
shing on and off of clecirie current that the machine
sunderuands” aad teansforms into various aciions.
Tsefar: 4 wser can begin communicaring wllh a cosnputer,
twweser, one of Lhree conditions must be met; (1) The wser
st be able 10 comwmunicate n the Lumpuuu languags;
e computer must be able 1o communicate in the usce's
e . i, Spanish, eic.); of (3 some
s intermediate lenguage must be  establisned,
werstood, and wsed by Borh parties. By defisigon, the

e 2hoae 1Y mian's language, the higher
hine Language

Firs, let's iake 3 look a1 the lowess level of comman in-
1o micdiute language—refered 10 as “machine Language,”™
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Since electricity can cither be on ar aff—onc of o pas
sible canditions —maching language G only be consiructed
feom rwe “wards.” This binary languape is often express-
o by humzns with the two digits § and 0, with 1 repsesen-
ting the *'on™ stire (peesence of electicity), and O represe
ing the "of™ siate (absence of electricity). Absaiviely shock-
ing in s simplicity, isn't i?

Flgure
UMAACHINE LANGUAGE SAMPLE"

0 00 0010 DOOD 0000
9004 0001 BLOOCE 00O O
9000 0010 DOOD 0D O L
“0o0d o000 B1oT 0100
90 B0 01040 BOIO 0O0OQ
90B0 AQG0e 1DOO 1104
9000 0010 GBDO 04004
BU®O 0001 0DEIEO O0UODQ
8000 0010 O0OGLODO 00D
B O® 0 0000 OO LE BDI1DG
BOOEe 010G 0010 DUDA
Do4b D00 O 1e10 DODaA

Figure | represents six machine language “sentences "
IEs not casy for a human to understand, is it% Yer when
communicating this way, more explicit control of the

wachine is possible, becatse thera can be nothing “lost in
|]IE translation,'

TMSYHI0 Asserably Language
Human diffsulty in communicating in 1 binary luyguage
1o the next step in the evolution of higher-level
anguiges—an easicr-1o-remennber (*memonic'”) way of
expressing these binary “sentences,” This was done by
assigning eontbinations of alphabetic ketiers 10 represent
aperations formery only expressable by binary sequences,
anel assigning a full range oI characters (including ausabers)
10 represent the things nctually “operated" on.

This easier, wphanumaris way of mmmunica(ing s call-
od Asvembly Language because these newly created scores,
of symbols must cventually be transtated back (aserbled)
10 their binary exquivalents for the machine te carry them
o
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Figore 2
REF VMEWINEUT
LINE TEXT  “HE T AM THE Tiosan:
LINE 2 TEXT "HOME COMPUTI R
LNE 3 TEXT  "WHAT'S YOUR MAMET
BUFFER 55 a
LINE 4 TEXT “NICE TO MEET YOU, *
GREET it RO,
1 RILINEL
u 212
DLWP  @vMBEW
v g u 64
u RILINE
TLWE @VMBW
1 BB, 128
RILLINE)
WP GVMEW
RO,BUFFER
DLWE  @INPUT
u RO.246
RILINES
BLWE  pVMBW
u Ri.268
i RIBUFFER
BLWF  qvnmw
GREET
Miote: K I e ihat the wse of 1his and csher sample program
mﬂlllﬂll[ﬂ“ﬂwll! [n(mlmuil.ml anly, ard do mor -
langrag Mote st e eerence
121 oot e T oty s, NasaLo Ul e efirece
{ax this s oy an example),

In Figure 2 we are showing you part of an Assembly
Language program that causes the computer to priak several
English Ianguage messages on the screcn, and allows it o
accept and acknowledge human response via the keyboard,
The screen dialog poss like this:

HI, 1 AM THE TI09/4A.

HOME COMPUTER

WHAT'S YOUI{ NAME

NICE TG MEET YoU,
Your name apgears hers

Observe in Figure 2, the lef 1o right sequence of symbols
dm st be foflowed i the program is 10 be assembled eor.
As an example nf he proverbial “before and
nna -Assembly La e that have been assembl-
ed back to bnary—take & Iuak ait the last seven lines of sym-
bols in Figute 2. The machine language that resulls from
the assembling of these symbols appears as the entire se-
quence of lefi-1o-right binary sentenices shown in Figure 1.

Higher-Level Building Blocks

Although soms very impartant progsasmming is siill done
at the Assembly Language level, the majority of programs
wiiiien are in higher-tovel Einpuages. Thee languapes are
closer 10 human Binguaces such as English 1han to maching
larguage. To generate these higher level lanpuages, s must
ake ordered groups of Assembly Language statemicnts and
equate each group with a single word of (he new, higher.
level language we are pencrating. Each word of this new
language is ruch mose powerful than any single Assembly
Languape syiribol: With one new higher-level word, we can
make the eoreputer do several things. This is a powerlul
technigue, indzed, and has been the basis for all compuier
languages that have evelved.

Tor the computc: 10 understand one of these new English.
like languages, the language must first be translated nso
machine language.

Compiling & nierpre

iz Do
thel higlh- e
ina nmgmm takes place before the compater acts on the
statements, ihe language issaid 1o be compied. Thie binary
sequences that result from this compilation arc then saved
and later wsed dircetly any number of fimes,

O Lhe eiber hand, the lanpuage is said 10 be interprered
when the compater acts on eiclr satement immedintely after
that statement’s translation. Thcrrrm:, every time an in-
tespreted languiage program is *'run (all statements follow-
ed step-by-siep 1o complcion), the program mn
lmmh((d. Because of || basic differenc
iled language

are Faster
man interpreted nm:s

This is 0ot o say that interpreted languages do sol have
compensating ad\'mlay:s. Ease of wse is a case in point:

ﬁddmonul Terms You’ll Want to Know

COMMTIENG CIEFIAge—A phug In plas araled ceculy tha . elc.

gariridgn drom Texas Insimumants with % many mc.m...el B acked spegc |
iod circuity ro- Iogedtesoritegrale v amat oren PR Eon p T i F e wih

o anm utaottho com ey L A A

Home Computer and usad 1o 1
mass 01crp8 derice using G150 & SN 3 WESCAll 005 B InCh B 5 e M US|
3 tarile e A e s o sahitcalod thi

the
Gom $6538) 1o casseis 14pS Biorhga fog. S b6 HBIENEd o1 & v THIE
llullllllll accessh mnemont

very integrated |
et called o “micrprosessor ) cuntaining
i e el basic camponents af an eofirt
C—Agsisting or infandodd 19 855751 Computen. Dessgned ane o oy Taxas tn.
 COMPUtEr—Tha Taxas Instruments N0 Mamary. strumends, il i3 the heast of the Home
14 el wilh elther MM (BIvision SCPREA—Tho home leiésion o Tl monitor Computar.
| Catcr Manfior, In which the GorDUer QUIDLTS INTDAMAtioN
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Just a wann @ we linish writing the last program stutement
n an imerpreted language, we can imnediatety run th
progtium—without having (o g0 mrwgh an additona!
st musliary step such as compil e sranslation in an
wterpasted language is therefore bvisible o hidden Mrom s,

Vurtheamore, in many inerpreted languages such as the
BASIC Linguage that comes buill inte your Home Com.
pucr, stuemem misuse or errors of spelling in linguage
vovabulury are ehecked for right at the fime the sratemeiits
are byped in. Appropaiate ceror messages (F needed) will
appear on ihe screen; the person doing the programming
can then make immediate sorretions.
T1 BASIC

Because TH BASIC s a highelevel and inserpreted
Lunguage, it is ey to learn and use. The cample program
meent that fellonws (Figure 33 will cause the compaier 10
vy on a dialog simitar 10 the onc previouly shown in
Figure 2. Notice how much casicrthe T1 BASIC version
i 10 understand.

Figure 3
0 PRINT “HI, | AM THE TLS/4A"
110 PRINT “HOME COMPUTER™
120 PRINT “WHAT IS YOUR NAME
10 INPUT NAMES

N PRINT NAMES
END

C

T1 Extended BASIC, one of the higher-level linguages
that you £ @ to your Home Gomputer by plugging in
the separae Comrand Canridge for the language s similas
o the regular builtsin BASIC. It gives you everything that
the regular BASIC does plus many special additional
teatures such s arcade.style animated graphis (known as
“aprites”), commands to cantrol the Speech Synthesizer,
a» well s more precise control of on-scrocn et mmuu
wemanstrutcd in Figuce 4).

Figure 4
i DISPLAY

LT HE, M THE T8 HOME

1 DISPLAY AT(6, 1) WHAT 1S YOUR NAME?"

1M ACCEFT ATHSIVALIDATE

(UAL vHAnlztcler.-\ML
LL

1 = FRIN

CE TO MEET YOU,

T Wt T e e
Figure 5
TO GREET
CLEARSCREEN

FRINT [HI, | AM THE TI-99:44]
PRINT [HOME COMPUTER]
PRINT [WHAT 15 \OUR NAMET]
CALL READLINI
PRINT “HELLD,

T LOGO

Another interpreied language very popular with children
a;ld «Iw:nmrs s Ti's unigque implementation of LOGO. |t
he previously mentioned sprites and features “Tier:
e (arnr:hl(: *" These line drawings generaied by a *'pen’
aached 1o a simulared |un'|n uh}m (that is moved about
she wreen with only simp 4 distance
ate buth enclanting and ummulw—munwmg 1o the
wanilet ¢l discovery that children enperience with the com-
pater. See Figure 5 for & sample TI LOGO program (knawn
w a procedurc).

Cupprn © 19} Emeran Vatay hissiay Co

T PILOT

Whereas mr.o i @ higheved language with preat
depth— wcabulary can be *customized™
by the um—l! PILOT, another high-level language, is
much more abbreviated. With a fisedl vocabulary of only
15 major commands, the interpeeted TL PILOT hanguage
still allorws acvess 10 sprites, color praphics, uad sound. Esch
cogumand is represented by one o twe letiers follawed by
a ealon, The progrian segment in Figure 6 llustrazes a dialog
in PILOT.

ure 6

15
HI, | AM THE T1L094A
HOME COMPUTER
WHAT 15 YOUR NAME?

© HI THERE, SRS

EEFEEET

With PILOT, you can develop effective educational pra-
grams even if you've had lule or 5o prosramming ex-
pericnce. For this reason. PILOT i favared by cducators
as a language highly suitable for producing computer-
assisted instruction {CAI) courseware.

UCSD Paseal

Cusreruly, the only high-vel compiled language availsble
for the Home Computer is University of Callfornia at San
Dicgo (LCSI?) Paseal. This version of Pascal includes func-
sons foe secesing ol e speck Homs Compute featurel.

program-

mers o sird wies N 6 dlveinto chare sophlaiato pro-
gramming. Although not s difliew! as Assembly Langu
10 masier., UCSD Pascal is, nevertheless, much more dif-
fcull than other high-level languaper on the Home
Computer.

This compiled language also happens o be highly
Sructured—i.c., it restricls programs 1o modular organd-
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cording 1o sets of speci rules known

a3 symax. Because it is both compiled and structured, pro-
grams wrilten in UCSD Pascal are [uster and easier 1o
‘madify than most other highlevel languages. This mikes
it & suitable language for large business and scientific pro-
grems. See Figure 7 for 3 very simple (almost trate!) exam-
pis of our now-familiay man-machine dialog as written in
Pascal.

Flgure 7

PROGRAM GREET;

VAR NAME: STRING:,
BEGIN

WRITE{OUTPUT, HLI AM THE TI-7/4A ')

WRITELNOUTRLIT,
WRITELN[OUTPUT,"WHAT 15 YOUR NAMETT:

READLN(INPUT NAMEY:

WRITE(OUTPUT NICE TO MEFT 00, '

WRITELMOUTPUT HAME):

ASPIC
Early in this article we inplicd that igher-level languages
mmnur\lc\od from other languages. This means that you
{he opportunity (o design your own personal languages
!or T ommunicating with your Horme Compuer. You can
o this by defining bath the syntax and cach word af your
snew languags in texms of the statements and commands of
an exisling Home Computer language. The new ASPIC
language is a case in poini, Comstructed from TI BASIC,
ASPIC was ereated 10 simplify a child's manipulatiop of
colae grapliics on the Home Computer. Figure § shuws an
example of a typical program segment, [See ASPIC article
in this book for a complete discussion of this new
language—Ed.]

an cm uk SCREEM RH)

0 COLOR + BLA

0 COLOR X CW\Y
LETRE = 3

F!I:
10 RAW + IN ROWIRI COLRCE
10 me X IN ROWFR COLACT

130 LETElL = Cl+1
150 LETR: -~ R2.2
10 END

TI FORTH

1f you want to modify a language te fit your own par-
tiewlar needs, TI FORTH may be for you, FORTH i

much like LOGA, in that the basic languags implemen- .

tation consists of a small number of buili-in primitives
{ealled definitions) from which you may construct new
definitions. The primitive definitions and the new defini-
tios which you create arc enfeics in FORTH'S dictiodar,
Onee you've entered your new definitions in the dic-
tionary. howsver, they're a permanenl parl of your
FORTH implementation. Programmers who feel the need
o simplify their work with custom modifh

software developess, for instance—will be nvost imerested ©

in FORTH.
Mow ii's up 10 you . . . Go ahead and strike up 2 conver-
sariom with your new-found clectronic friend. Who knows?
Mew respect for and long-lasting Tles with your Ho
Computer may be the result,

Peiies | fate Tscumn Cowr | Sernes

COMPARISON OF LANGUAGES
FOR THE TI-99/4A HOME COMPUTER

3
?—- | w-z k—w--q proprema g
frei it

VT | | VIR ol ot
Corperants Rewaet’ | Go | (gt
Jome |

idge.
Cast Toe wriling Assembly Language
ey e

é
3
H
E
g
H
%
‘I
2
£
3%
£
H
z

40 TR " .wiorier Welmed

pragrams using Minl Memary castridge
w | ar s
4. Humber | represents worst case; 10
1 senl:
{heso vakues are subject
"
Al 5. With the proper backgmund sad sx:
w | parience, e wrer can use i
Tanguage 1o willn hiz awn turtia
oYy graphics suppen rouf
6.1 the Spesch Edllu :lrlﬂﬂn- ﬂf Tar
3 L} ‘minai Emofarar 1 are added o
o sraterm, sparch can [ ‘unnnos by
e the languagn.
7. Tha now T1 LOGO i, T1 PILOT, and
usco Iultll hnve snhancod music
s | m comman:
] S 8 Tinimom contiguration bsssd on
= 1
J
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HOW TO WRITE YOUR OWN

PROGRARS

Using Flowcharts
To Outline a Solution.

it i feont of yous TI-99/4A and runming
packaged software may stimulane your desise Lo ey
some programming of yeur own, 1T you have taken
5 o1 harve hiad some prac-
i can probably ype some lines
il lnave the computer do what you wasl. Fowever, if you
haven’ had this experience, you may soon lnd the Trustra-
tion of no1 knowlng where 10 31 100 much te bear. Well,
tuke heart! Here we present some basie inforenaion on hoe
¥ou can begin progiamming on your
A Framework for Writing le_r:ml
COmpAles Programuming i an exeréive

ierent to these jobs or problems. 1t is helpful o have
in mind a general framework for solving each problem.

This peml.l!l framework coubd take a number of &ifferent
formys. Mot will, however, contain similar sieps, These steps.
win be d-ﬂlrlb\;d a5 follows,
1. Define the Problem
s neceasany 10 have 2 good undeanding of
exacly what you want the program to do. If it i po:
iry to eapress the problem in a simple thought or senten
stating the inended owcome of the programming eifor.
Wiefining the problem in this manncr may net only save you
time, but may abo belp focus your ¢ffors.
2. Outline the Selution

This step Is the primary puipase of
bk 1o examine (his step in more det
3, Select the Algorithm

Many problems requiring o computer for solution depend
wa certain mathematical algorithms that are required in the
walcularion of the desired solution. For those who are puz-
abed by the word “algorithm,™ mathematicians and math
sachers wse this word 1o refer tshe specitic method of saly-
¢ acertain kind of mathena roblcm. For example,
you nuay have bees aught 10 subtiact whole numbers by
e number an Lo, the soaller on the boi
rd to borrow when necessary. This is but ane possi-
vc algorithm for subtractian. Ln general, you can gjlhp,r
tocate thase algorithms that are necessary from publis
sources, o design your own._ 1n either instan,
e algoeithm, e beter.
4. Writing the Program

Many people believe the writing or “coding” of the pro-

s article, We'll get
il laer.

HH nmpll.r
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t computer programming s all abeut, Actunl-
yo this is just one in 2 serics of sieps. Prior planning (as
detailed in steps 1-3, above) is absolutely essemtial before
the actual writing of the prog an begin, And inherent
in the writing of the program must be § reasonable
nderstanding of the computer lunguage you will be wsing.
5. Debugying

Onoe you have typed the program inte the computer, it
is Iecessary 10w it to deternsine if and what difficaltics
eaist. You will seldom write an ercor-free program on the

rst drafi. Trying o locate and correct those “bugs™ can
be frusrating. This is where some of the 99/4A% built-in
features Tl remendously,
. Validuting the Progrum

In this step, you intentionally try e losale sitemions in
whishthe program yields inaccuraie or undefined solutions,
7. Docwmentation

It is & good idea 1o record the characieristics of the pro-
gram such as its intent, algorithms, and specifications. Some
L in the Tsture, when you decide 10 modify this program
o will be very happy that this documentation exists. In.
ciddentally, when buying  program, the author's docuntei:
tation {or lack thereof) can ofien be a good indication of
the quality of the program.
Outlining the Solution

Tl velopswnt of an adequate outline (Siep | above)
is the most critical step in writing A program. Many of us
dabhblers in the art af programming sserm 10 (il in develop-
g acdiequane owlline, My intention here is 1o demonstrate
10 you some clementary outlining tochniques—in the hopes
that we. the dabblers, may be able to improve our lot in
the somewhyt puzzling world of bits, bytes, and bugs.
Flowcharting

There a¢ & nunber of methods available For outlining
4 salution to 3 problem, O those used in computer pro-
pranuming, flawcharting is one of the simplest and casicst.

Toinwoduce yeu 10 the Roweharting method, fei's first
look at some of the symbols use
1. START and END symbol

da

Thit symbal is wwed (0 indicate bogh the beghning and the
end of a program
2 INPUT - QUTPUT symbol
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The input-output symbol s used to indicate where the user
of the program will need to supply a piece of daa or where
a calculation will be printed out for the wser.
3. COMPUTATION or ASSIGNMENT symbol

o]

This symbal is used o indicate where computations or
assignments of values to variables will oceur.
4 DECISION syrabol

This decision symbol is used 1o indicate where a “yes'’ or
"'n0™ o1 Ytrue™ or “lalse' decision paint is located.
5. STOP symbol

=]

“This symbol is used in some programs (o inclicate & termina-
tion point if this point is dif ferent from the end peint of
the program.

These arc ather symbols that can be wsed according 1o
your needs. Also, remember that no rules exist 10 siop vou

oping your own symbals.

‘Toward @ Workable Techaique

The outline strategy that works best far me is 10 stan off
simpleand then increase the complexity of my outline until
it does what | want it 10 do. My approach includes: (1)
wriling a seatence that defins the problem 1 want to solve,
{2) preparing an infermal outline, (3] developing a more
complex fowchart, and then,(4) writing the program. To
demanstrate how this approach leads you to developing a
Better program, let’s take a [ook at'some examples.

EXAMPLE 1

For our first example, lei's write a program thar wit} add
two numbers together and print theis sus. We will design
the program <o thal we may inpul two aumbers fram the
console. This is called an interactive program, in that the
user must input the volies to be assigned to the vasiables,
Fallowing the approach peesented, we fiest define ihe
problem:
Step 1. Deflnition of the Problen:

The program will take two numbers being inpat from the
eonsole, add {hem together and print the sum.
Step 2. Informal Chuline:

1. Stan

2. Input two ruembers, A and B
3, Add A and

4, Quiput the sum of the numbers

ep 3. Flowcharting:

Using the Mowcharting symbols. Lhe soluticn is further
eveloped:

St

Expianation of the flowchart
The "flow™ is evident in the continaus line running from
the Inltial start synibol to the final end symbel, The input

41 The Best of 99°cr  Volume 1

symbal shows that the twa valuss are reguested, with (he
firs input value being assipned to e variable A and (he
second 1o B. The addition of the 1w untbers and the
assigament of their sum to a variable oecurs inside the com.
rutation symibol, The value of the sum s then output, and
the program ends. The algorithm necessary for the solu-
tion s show,

PMow fhat ihe problem has been outlined, we proceed 1o
wrile er code the program.
Step 4. Coding:

100 REM **ADDITION PROGRAM®**

HOINPUT AR

120 LET 8=A+B

130 PRINT §

140 END
Explanation of ihe program.

The program shows how the original intent is followed,
lm: 100mrmnn @ REM statement allowing us a means
£ ihe program.

B i type in the two pumbers to
be added

Line 120 ssigns the value of A plus B to 1he variabie 5.

Line 130 prints the valuc of S,

Line 140 cacls the progsam.

Since my primary intent here is 10 explain bow an owfline
is developed and used, §will nat explain the T1 BASIC com-
mand statements bul assume that readers of this article have
already read most of the TI Beginaer's BASIC, the book
that came with thelr computer. :

EXAMPLE 2

For 1 more comples example, let's develop a pregram
that will select and print the larger of two input valucs.
Siep 1. Defining the Problem.

Given 1wo sumbers, |he program will seleet the larger of
the two and print it
Step 2. Informal Ouline:

1. Sear

o |I\|\lll 1o numbers, A and B from ihe consale.

3, Compare number A with B, I A is Lunr han 1, print

A |( A is ot larger than B, pring

[
Srep 2, How:\'m.mng.

Explaration of the Mowchart.

The Aowshart begins with ihe start symbol, The two
walues arc then input. [n the decision box, a comparison
of the value A with 5 takes place. IT the statemsent A 0
is true, the computer is instructed to bypass the owiput B
borx, andl ouiput the valie of A. If the statement is false,
the eomputer continues down the char 16 output the value
assigned o B. The program then ends.
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e 4. Coding:
10 REM P*PRINTS LARGER OF TWO NUMBERS**
Hu INPUT AL =
120 1f A=D THEN 130
[RTRE "

120 GOTO 160

150 PRINT A

It END

splararivnr of the program.

e 100 is @ REM stawement used 10 identily the

.

1 allows he wser (o inpi the two numbers o be

esprarod.
e 1200 is used 1 compare the two numbers, If ke state-
et A s greater (=)t B s true, e compuer is then
ted 10 po 10 line number 150 10 pring A, [ the state-
e 120 Falu the compuler continues to the nest

b 130 prisvs the valise of B, as it must be the langer.
Lo 10 i wseed 1o dlirect 1he compuner 1o go 1o line 160,
Withuut this ling, the compater would print the value of
. then the value of A. This is, of course, not wha we

Lo difficulty exists with this progran, IF A and B are
sl the program witl nog be able wo distinguis the twe
IF this asives, [ will be printed ) This difficuly could be
arecte For this situation by allowiing anether step where
-alue A and value B eoubd be displayed.

EXAMPLE 3

Lut’s take @ look at one more simple example. This time
~«"ll try writing all the squarcs of the iniegers between |
od W, inclusive of the two boundaries_

seep &, Defiuing the Problem:
The program will make 3 list of ail e squares of the
utcgers berween | and 99, inclusive.

wep L Infomal Curline:
I Saan.

et N be o variable whose initial value is ).

3. Compuie the value of N2, wid et the result be the
valug of S,

4. Print N and S on one line of the sreen,

$. 16 the valie of N is 99, then end the program, Othier-
wive gu 1o sep 6.

b Add T 1a the valus of N and then go back o siep 3

loweharting:

i
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Explanation of the flow chare.

After the program sturts, the variable N is increased by
1. As the TI BASIC will aomatically set the bitial value
of N 10 zer0. using the statement N = N+ 1 will sat the first
vilue of N ta 1, Next, the square is caleulated. Bath the
integer and its sepuare are then printed, The nest step checks
10 see if N is equal to the upper boundary of 99, i N is
equal to 99, the computer is instructed to end the program,
AT G vt equal 1o 99, the program loops back 1o add |
10 the valuc of N and consinues,

Step 4. Coding:
100 REM UARES®*
110 LET N=N+1
120 LET S=NAZ
130 PRINT NS
140 IF N<99 THEN 110
150 END

Explanation of the program.

Line 100 is the REM stmement

Line 110 adds 1 40 the variable N

Line 120 computes the square,

Line 130 prints the inteper M and its square §,

Line 140 determines if the valuc of N is 89, If N is equal
1 U9, the contputer go<s o line 130 and ends the prograr,
If N is not equal 10 99, the compuler feturns to line 110,

Linie 150 ends the program.

MNow that we have seen the wee of the cullining tech-
ninue in some miher elementary grogram examples, s
get serous and iy something more challenging,

EXAMPLE 4

Let's try wriling @ program 1o test our recall of a seriss
of digits, With cach correet matching of a digit, we'll in-
saruct the compuler o add another digit 1o the series
Siep 1. Defining the problem:

program will display 2 series of digits of increasing
length and ask the user to recall the correct arder of the
igits.

(It might be helpful to place some Fmits on the program
tee further qualify what we want it to do. This can be dane
a1 the informal culine.)

Step 2 tnforsmal Qurline:
1. Start.
2. Have the computer seleet  randonm digil,
3. Display the seeics of digits o  short time,
4. Clear the sereen.

5. Ask for & sesponse fom the wser, .

& Compare the respanse o the series of digits.

T IF the response is cosrent, eongratulate and ask if the

ST WaNS 0 CoRtinue,

B, I the sesponse is incorrect, show the coreect series
of digits and ask if the wser wants 4o continue.

8. 10 the user wasis 10 continue, have the compuier select
anothes digit and add it 1o the end of the previous

seriss,
9. If the wser does not want o continue, end the
progeam.
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Explanation of the Towchar,

After e progzam stasts, a random digit is selecred. The
series of digas is displayed. and the sereen fs cleared, The
user s then asked 10 respond . 1f the response is correct, the
compuler offers congratulations with a GOT IT! message,
then asks if the user wants to continue. IF the response i
incoaect, the computer says SORRY?, then displays the cor-
rect respomse. The user is then asked i he wants 1o con-
tinue. If the answer is yos, the computer loops back o 1he
random digit sclection box, tacks on an evra digit 10 the
string, and continues. 11 the anwer is no, the promhm ends.
Step 4., Coding:

In coding the program, we'll use the RANDOMIZE and
RND staiments from T1 BASIC to get o better selection of
digits. Take the number returned by RND, mullinly it by
10, then take the imeger partion: The algorithm is
INT(RND*10). In order to display, compare and add digits
1o the series, we'll transtate them into 0 strim wsing the STHS
function.

Explanation of the program.

Lines 100-170 are REM starements,

Line 130 is the RANDOMIZE statement,

Line 190 begins the selection of the random digic. With
this statement, the computer will display a series of dig
starting with a single digit and extending 1o an upper limit
of 23 digits maximum.

Line 200 is the algorithm for selecting the random disit
and assigiting its value 10 the variable A,

Line 210 translates the digit selected 1o a numerie string,
The line will also function in adding each dizit selected o
the end of the previous series af digits.

Line 220 clears the screes

Lines 230-250 present the series of digits and 121l you how

much time you are allowed 1o study the series
Lines 260-270 time the digits being displayed. Going
through the FOR. . .NEXT loon takes about five seoonds.
Line 280 clears the screen.
Line 290 dicects the computer 1o jump to line 320, The

line s intended to pet us out of the FOR 1. . .NEXT [ loop
without dissupting it
Line 300 continues the FOR 1. . .NEXT [ loop.
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e 310 cnds the program.

Lines 320-330 prompe he wser 1o respond.

Linic 340 compares the response te 1he series of digits.
AT the respomse is incorrect, the THEN condition directs the
computer 1o fine 380, which s the SORRY! commen. 1T
the response is corret, the computer poes o the next lise
Tline 3509,

Lirte 350 tlears the sereen

Line 360 conpratulates the wser.

Litie 370 directs the computes 1o g0 1o line 390, bypasse-
ing the SORRY! enmment,

Line 380 asks if the user wanis 1o continue.

Lincs 400-410 cheek to sec i the wer i interesed in
comtinving.

Line 420 returns the compuier back inta the FOR
I . .NE p

Line 44 ends the program

chancs 10 use this approash—defining
the preblem, doing 2 infermal renline, floweharting, and
then codintg=in a project of your own, programming your
computer will ne longer be 3 forbidding and myserious
a8 you first 1o
Before atternpiing programs of your owi, yeu may want
10 try @ litrle exercise. Add the fallawing features Lo the
Previous program;
(I low the user to choose how much time the digits ane
isplayed on the sereen.
(2H1 the response s correet, play & 3-note chord,
(3HT the rexpanse is incetrect, play ane aote of naise and
it 2 screen message that tells how many digits were con-
tained in the largest number correeily puesed.
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JIVENING UP YOUR

(oIt
SEUNPS

he CALL SOUND subprogram in Tl BASIC com-

smands an aariing inserated cieit in your TL99/44

walled the SNTE4E9 Sound Generation Controller. On
Tl his squeezed in three programmable fre-
crs, 4 programmable noise generator, four pro-
swbiable awenmors {volume control), and eight registers
whl the data that contrel the tones, noise, and their
¢ levels. In effect, the 1ones and nosse are sy esized
specifications from a frequency of 3,58 megaferts;
< also the Frequency that carrics e color infarmation

B your cOmpuler 10 your color meaitor ar video
dulaer.

1 you have used CALL SOUND only o produce
~wellineous beeps, noise, and mu
1w yOu same "mini programs” that demonsieate the
1y of other sounds your Home Computer is capable
duging, .
wor the first example, el us try 10 recreate the sound
+ dusor bl of the 1ype associated with the once poputar
1 Culling' commereial, This is an example of an ob-

sl hi

sonanl frequencies, The following characterivics are

fute patch woukd immediately recognize e two Tun-
nntal fmummu. bt in my case, 1 actually mesured
dimensions af the ing bars nnd Lheir poins of sup-
amd dheter e bars were prob-
I Enginecriny by
Olson, § obtained the formuls and valugs of the

10898 o 354 cycles per socond (Fand CF above high

The book also twkd me that the 1wo elosest gverionss
£ 2,756 il S04 tirnes (e fu
rowere supported on rubber mounts close to the
cwrctical podes (points of minimum yibration) for the Tun
awrdal and the first overiones, bul were located near

15 of maximum vibration for the second overtone. 1
Jefore asumed that the second overtone would be
g Gut, so 1 omitted it from the CALL SOUND
rion For each twne. The decaying volumes for the
s were obuained by including cach CALL SOUND in
K- NEXT loop as lollows:

e 98] Ervarald Ve Pubisheg Co

100 REM DOOR CHIMES

110 FOR A =0 TO 30 STEP §

120 CALL SOUND{ - 99,698 A, 1924, A)

130 NEXT A

140 FOR A=0TO 30 STEP 5

150 CALL SOUNTH - 99,554,A,1527.A)

160 NEXT A

I you gre wondering about the significance of the 99 for
the durations, it is simply an easily keyed aumber larger than
the 50 milliseconds nesded 1o make the steps sound con-
tisous. The minus sign indicates that the sound gencrator
will b updated s 500n a8 the new value For A is determined;
the dwration specified need only be long enough (o cover
the time beiween updates,

INext, let us Lry  sound in which the Frequency varies with
time. A siren is an example which can be characterized by
a slowly rising and fulling froquency, Appasently, this is a
sufficient clue 1o the brain for us 1o recognize it as a siven
Try varying the frequency range step in the fallowing pro-
Erm 10 see how far il can be varied and still be recognizabls
a5 A siren,

170 REM SIREN

1%0 N

190 FOR F=700 TO 900 STEP $
200 CALL SOUND(~99,F.0p

210 NEXT F

220 FOR F= 900 TO 700 STEP -8
250 CALL SOUND(-99,F,0)
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240 NEXT F
250 N=N+ 1
260 [F N=4 THEN 270 ELSE 190

270 END

N=4 an line 260 fimits ihe siren to 3 up-dewn Trequency
sweeps,

In the next example, let us vary both the frequency and
the velueme as a function of time. Imagine & farge “iller*
bee buzzing asound you, with the frequency of the buzz pro-
partional to the iz of the beating wings, ami the valume
proportjonal to the closeasss of the bee.

280 REM BEE .
2O N=1|
300 CALL SOUND{ - 99, RND* 4 1 10, RN 1)

JON=Ns1
320 IF N= 75 THEN 330 ELSE 300
330 END

Unlike the previows examples, where the variations in fre.
guency and volume were oitained by using o FOR-NEXT
Ioop, the variations in this case were obtained by wsing the
RND statement. It is interesting to nole that this routine
will not saund the same in T1 Extended BASIC—the bee
sounds very shaggish. This is one case in which the T1 BASIC
Funs faster than the Extended version.

For the next sound, imagine that you are tuning a short«
wave radio rectiver. The background static i3 smulated with
the noiez type (— ), and the random sipnal is simulared witly
frequency #3, The random volume on frequency ¥3
simulates varying signal levels with the noe volume for-
mulated to be high when the signal level 5 low and vice
versa,

340 REM SHORTWAVE RECEIVER
MO N=1

360 F=RND*15000 + 110

370 A= RND*30

380 CALL SOUND{ - 99.111,30,111,30,F.A, ~ 8,30 A}

30 N=N+|

400 IF M= |00 THEN 410 ELSE 160

410 END
Frequencics #1 and 92 arc *'do nothing frequencies™ since
their volumes are sct to the minimum s are inserted so
thé propram will reeognize frequency #3, from which noise
typé ~ B is derbved. The 111% therefore wese picked for the
sk of inpuiting.
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Vexl. imagine that the
radia of the previous
examjile is now ¢
o a * 5

sl
Pre-ASCI
teleprinter signal which
scs an B3 eyele.p
second frequency s

to dilferentiare bet-
ween a msark and a
i
420 REM RADIO TELEPRINTER
0 N=
440 CALL SOUND(22,2075.0)
450 FOR Die1 TO) §
460 5 = 850 INT(RND*2)
470 CALL SOUND(22,2125 + 5,0)
480 NEXT D
“ALL SOUNDIIZI25,00
00 N=N+
510 TF N =30 THEN 520 ELSE 440
520 ENDY

Orne character consists of o 22 millisccond (msh s1art pulee,
Followed by a Mive-bit code for the character with vach
22 ms long, and a 31 ms stop pulse, Line 440 pencrates the
iR pulse, which is always 2 epace. The FOR - NEXT inap
in lines 450-450 randomly generates o mark o space pulse
for the five data bits, and line 4900 generaiccs the sop pulse,
which is always o mark. Line 510 limits the number of
characiers gencrated 10 29, Like the “hee' sound, this will
Aot come aut well in Extended BASIC, In general, dara
communications signals are easy to imitate bevause ihey are
well defined by standards,

Tor a change of pace. try the following sound:
FOOTSTERS

550 X= INT(RND*5)

60 IF X =2 THEN 620

370 CALL SOUNDIS, - 5,5
SE0 CALL SDUNIJEJDI = 1200
290 CALL SOUNDI300, - 7,30)

N30 THEN 640 ELSE 550
620 CALL SOUND(ED, - 7,20)
610 GOTO 590
0 END

The CALL SOUND on fine $70 s the heel
floge, feliowed by the sole contact o line 580,
SOUND on line 390 is the delay herwey seps, Lines 850,
360, 21 620 ackd 2 shudTle about omee every 4 sleps 1o make
e Fontsteps sound a kil more iataral, INg the noise
e ot ling SE from - 710~ Swill make (e choes squeak,

The sound of a sword fight ean b re-created by rocogni
i 1hat e sward biadde i 3 resomaror ik the door chimes,
except that siead of being cwentally frec, it by clampe
2t the handle—thus crenting overiones i differeny pation
thas the chinee bars. Alo, he amplitude docays aster, since
the collision of the two Blades would have o dampening
#ffest,
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68 REM SWORD FIGHT

o) 2

076 FOR A =0 TO 30 STEP 15

B CALL SOUND{ - 99, 1000,A, 3230,A,6750,A)

A NEXT A

T FOR D= | TO RND*200

TIu NEXT [

THN=N+I

T30 1F N=30 THEN 740 ELSE 670

a0 END
Faney 300 and 710 add 3 random delay between sward
sLohen,

For ahe final example, lt us 1ry 10 simulate the sound
< an internal combustion engine starting, scoclerating, and
eens divelerating 1o o stop.

750 REM ENGINE

Tl FOR N=1TOQ §

170 CALL SOUND(E0,220,8, - 5.0)
780 CALL SOUNDIED, 2208, - 3,5)
T NEXT N

#00 CALL SOUND{ED, 2208, - 3,00

sl FOR F= 1000 TO $000 STEP 3

£20 CALL SOUND(-99,111,30,111,30,
TF

30, - 5,0}

4000 TO) B0 STEP - 50

§ s 760 through 800 simulate an clectric staner metor.
e wceclerating and decelerating engine saund is made by
swecping noise — § up and down in 4 FOR — NEXT loop.

Soprryes 191 Gt Yasay Pty o

Nauw that you're convinced that your compurer can pro-
dhie a wide varicty of sounds, you are probably wander-
ing how ane uses these sourds. If you are an sdventurs game
AEORTRRURCE, suppose that the plaver is confronted with a

ioue with o knocker and a bell button. Welda's it be mose
interesting if ihe player heard the bell upon pressing the bell
buttau—befase geting the ysual tentual message? OF if you
are dynamically simulating a race cas, you could use fine
820 in the enpine sound cxample in & CALL KEY loop
where the F parameter would depend on the acecleratar
pedal setting. The durstion in the CALL SOUND woyld
have to be iiiereased if you are updating cther paramerers
in the Ioop for the sourid 10 be continuous.

Ot i thing about sounds is that the listener will ke
up the visual image that fits, which is why the radio pro-
srams of years past were so effective, The bee sound, for
instance ediately conveys the situation, whercas a
sereenful of coler graplics would be hard:pressed 10 evoke
the same fecling. Thus, for the progrmmer of interactive
licticn, sound should be a very effective way to make a story
wome alive, 11 you could collect enough souwnds, you could
even wiite 4 sound effects program where a given sound
could be aceessed on cue for stage plays.

Hopsfully, this asticle has opened your ears 1o the sound-
wmaking capabilitics of your TH-99/4A
and las given you sume insight inte
how 10 creaie and use your Gwn
sounds. So sound off!—and
have fun doing it
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I've got a little secret for you, gang: Designing
NG PIOERITITLENG YOUr Gwn game can as misch
fun as playing games produced by oshers, And best
of all, it's really not as hard as you might think. . . .
Pick an Idea

You can have 2 mare, 4 game using dice, a card game,
a memory-type game, 4 board game, a popular spori, @
game involving logic, a game using skills or reaction time,
some form of hide-and-seck, an adventure, of a myriad of
space and shooting games, Siill don’t have a game
Walk through o viden arcade 10 get some iéeas.
Use the Computer *

Mo this sourds silly, docsn't it, sinoe we're talking about
wriling conputer games. Let me cxplain, 1§ you write i ganse
of tictac-ioe o Othello for two players, you're really enly
wiiliring graphicsi—the game could just as well be played
on gaper or on the board. But, if you write the game for
ane person against the compuier, then you are using the
computer to help go through o logic process, Anather use
of te computer is doing anything wilh random numbers.
Write Your Program

Of course, yon may just sit at the comsole and bepin pro-
EAE T and Twope you can remember alf ihe

e programmers like 1o drawa Nowehan, On
games you may like "ree diagrams—i.¢., If the player docs
one option you branch ane way: then depending on the nest
<hoice, you brancl again and so forsh, Other programmers
prefier 4 structured approach—each process of the pame is
i & subroatine and the main program calls the subroutines
i order, This type of progeam is easy 10 evaluate and easier
for other programmers to follow than a program that has
GOTO satements afl over the place
Include [nstructions

Many players are anxious 10 play the game and won't
read anyihing that comes with the game program, 5o it it
wise to include simple instructions within your program,
Players who are playing the game o scoond time, however,
won't wani instructions, s0 vou must iry (o salisfy everyone.
One method is o print the instruclions on one sercen wih
“PRESS ANY KEY TO START" al the bottom of 1he
sereen. The player can (hen look at the screen at lomg 5
e wants or immedinicly press any key te start the game.

100 BRINT "PRESS ARROW KEYS TO GO
118 PRINT "LEFT OR RIGHT ™
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120 PRINT “PRESS ‘-
130 PRINT PR
140 CALL KEY(0.
150 IF 51 THE
160 Program continues for a
Another aerhod is Lo sk the plaver il he nesds insiuctions:
100 PRINT “NEED INSTRUCTIONS? (¥/N"

110 CALL KEY(O.K.
1200F THEN 130

130 1F K =89 THEN 110

130 Program prints imstructions.
150 Program continues for game.

'O SHOOT, ™
5 AMY KEY T START.™

me.

I the player presses ¥, instructions will be printed; if he
presies N, the game starts. Any other key pressed is enored

e qm-x:u imstrucrions are as clear and congise as possi-
ble, Use tines 10 make the instructions easy
to read. \-hkc' sure words are pot divided at the ends of
lines, be sury o spell correctly, and use corredt gramnar,
“Dummy-Proal™ Your

A uiur
fricnully. "
wever knuw what some other plaser wil ry 10 P Iaiheker
o dstsiver e 0r o, ean be just press Y or N, of does
he meed 1o spell owt and ENTE answer? Pressing oae
key makes for e chance of error than using INPUT. What
if the game asks far a aumher, and a forer is pressed? Wha
if e game asks for 4 chowe of 1 through 4, and the number
T is pressed? IF the player needs o use the arrow heys, is
these & defaubt value (f he lits the weong key, or s tht ey
ipnured—or worse ye1, does the propram crash?
Cheek for Speed and Captivation

You o't want the pliyer 1o fall asleep between maves.
A1 your have moving objects in yowr gome, he wants them
to be as fase as posiible, The main hints here are to make
the moving object just enc chasacier and 1o minimize the
logic between moves. Remembor, {he more obijects you have
o move, the longer it will take. And if you don't need 10
swarry about seralling (Erses mowving up the sereend, PRINT-
inp characters is faster than CALL HCHAR or VCHAR,
Look Through your Listing

1f you use the sams group of lines scveral times, use a
GOSUR and place the subsoutine pear the beginning of the
pmmm.wr example, & subrouting 1 print 2 messape M§
tarting in Column | is

150 FOR J=1 TO LEN[M3}

190 CALL HCHAR(X, JASCISEGIME(L 1

200 NEXT J

210 RETURN
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Within the program, the message and row numbers are
defined, then the subroutine called:

BLUE WINS THIS TIME."

1750 X =22

1760 GOSUB 180

Check for uonecessary stalements. | have seen a few
listings that contai ing that can never be !

ar is superflucus, or a subroutine that is never called. Other
cases may oocur beeause of editing, For example:

900

910 X =25

920 GOTG %80
Or:

900 GOTO 910

Y0 Z=Z+1 G
o

900 IF X = A THEN 700 ELSE 910
#10 GOTO 980

Test Your Game

Again, check all possibilities. If you say your spaceship
<an move (0 the right and to the left, be sure to check bou
dirgstions. Make surc positive and negative numbers work
sorresly in your caloularions (you may want (o use the AB.
Salute function). Check the scoring 1o see I it is adding cor-
rectly. Test the possibility of hitting the wrong key. Test
moving sbjects ot the edges of the sereen,

Specific Game Coding

Random Numbers

Be sure 10 use the staement RANDOMIZE before us-
ing RND 50 each game played will be diffesent. If random
numbers are compuied in several different places, consider

RANDOMIZE before each RND 1o ensure total r
ization th whe game. i ingle RAN-
DOMIZE statciment at the beginning of the progrant does
not work,

A simulation of rolling the dice would need a random
nurber between | and 6:

100 RANDOMLZ!
110 DL = INT(RND"6) + |

In a space progeam or skill-ype game you may want 10
plags obstacles ai random positions. If you have several ob-
yocts, DEFine a few functions at the beginning of the pi
#ram, so they can be used more easily in the coding lat

100 DEF RX = INT{RND"24)+ 1
110 DEF RY = INT (RND®29) + 2
120 CALL CLEAR

130 RANDOMIZE

10 FOR [=1TO 3

150 CALL HCHARIRX,RY 65}
160 NEXT |

170 CALL YCHAR (RX,RY 66)
180 STOP

The DEFinition statements must be numbered lower than
the statements in which the Menctions are used, Lines 140-170
place five A" and ane B in random X and ¥ positions for
X from 1 10 24 and Y from 2 to 30,
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Another use ef random numbers is cheoosing a random
mesage or procedure. For example,

S PRINT ASIINTURND*9) + 1)

chooses one of nine messages previously stored in the AS
amay, For random subroutines. the coding would be

310 ON INT(RND®S)+ | GOSUE 220,250,300,350,400

Games using o deck of cards may wie an array 1o keep
track of which cards are dealt. You may use C$(32) for the
33 cards or a two-dimensional array C(13,4) where the first
parameter is the aumber chosen and the secend is the suit.
An example for choosing ten cards follows. The values in
the card armay are inisially zero. As a card i chosen, the
corresponding C clement is 521 equal to 1, In the following
example | printed the card valucs, but you really should use
the TI graphics to draw the cards,

I

One mare use of RIND is for choosing randam sounds,
The CALL SOUND statement recuires a frequency between
110.and 44733, O course, most peopls cannot hear froguens
cies above 15,000; hawever, your dog may enioy the higher
frequensics. This statement plays a sound frequency
ween 100 and 2109:

300 CALL SOUND (200, INT(RND* 2000 + 1 10,0y
¥You may wish 10 use randorn sounds while you're placing
objects randornly on the sereen.

Sound and Noise

A ot of the fun in programming games (s choosing the
sound effects to fit your game. The following is & program
that demonstrates the “*noises’” available on the T1-99/4A:

100 REM NOISE

110 FOR [= ~ | to —8 STEP =1

120 CALL SOUND{000,1,0)

130 CALL CLEAR

40 CALL SCREEN(ATIS(L) +2)
150 PRINT “'"NOISE NUMBER";1
&0 NEXT |

170 GOTO 110

180 STOP

Listen to these noises and cliose what you need for your
game. You can rmake crashing noises, cxplosions, airplane
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or car motors, splas, bounces, rocket boasters, missile fize,
o whatzver you need. The noises may be vasied by adding
another set of sound frequencies and boudnesses,
Time

Since the 99/4A does not have an accessible real-time
chock, time may be simulted by placing 3 counter in the
CALL KEY routine or anather boop hat i executed regular.
ly. The following example shaws a ceunter as you mave
the asterisk up and down with the up and dawn arrows (E
and X) keys. After a time of 100, the number of moves you
have made is printed. You will notice that if you press a
ey, Lhe counter moves mote slowly than if ne key is pressed,
50 (he counter is nol s even as 4 metronome but pood
enough for pames.

i)

|

. il

An accurate way 1o delay for a specific lemgth of fime
in your program i 1o wse CALL SOUND for the numbsr
of milliscconds you nesd. Use 30 for (he volume level and
a very high frequency if you don't want o hear anything.
While Uhe CALL SOUNID statement is being cxecuted you
may also be deing graphics of caleulations. To cnd your
isting devize you will siesd another sound statement with
a duration of 1. The loliowing example illustrates how tlie
CALL 50UND starements may be wsed for o rocket
countdown,

+FOR 1210 TO | STEP -
' EALL SOUND (1000,44000,30)

50 The fosc of 97er
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120 PRINT 1
130 NEXT |
10 CALL SOUND (1,44000,30)

150 Program continues for rocket blasteff,
Armow Keys

10 games where you move a character up, down, left, ar
dght, you may wish'to hive the player press the arrow keys,
The arrows are on the keys E, D, X, and 5. A CALL KEY
statement is used to receive the player's input then the pro-
gram branches, depending on which arrow is pressed. Any
ther key prexsed shoukd be ignored so your program docsn’t
crash with bad values,

The following routine will draw a teail of asterisks as you
press the arrow keys. Remember, you must consider the
edges of the sereen or you will get a “DAD VALUE"
message, Lines 270:340 test o the edge values and will keep
the asterisk a1 the edge position

=i I
|

R ! | FEET ‘ HITHE

Remember that there are many ways of coding 1o get the
same result. and the examples presented fere are just that e
examples. ‘The Following routine illustrates anolher way 1o
use the arrow keys fo move a character, This fime the
previeus character is deleted. Also, lines 330410 will make
the ostegisk scroll to the ather side of (he screen instead of
staving at the cdee.

[|
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; or=-1
i ALl i

A more cnmwn apprcach io auomatle serolting ks 10
repbace lings 330-360 and 350-410 with these 1wo lines:

330 3 = INT(RA*((X — D24 INTYX - 1V 2ap+ 1

Ja0 Y = INTE(0Y — IV3-INTUY ~ 1320+ |

-\pm Koy board

A split heyboard is used when two competing players or
Séaamin are inteTacting with moving objects on the so
wead ol CALL KEY( 0, KEY, STATUS), you will l\\'«l w
revseve input with CALL KEY (1, KEYL, STATUSE amd
CALL KEYI2, KEY2, STATUS2). You may wish 10 use
 bidvw Ganes | Command Cartridge overlay for the as-
tow keys. You'll notice he arow heys for the right side
ot e heybosrd are Keys 1, J, K, and M. The key codes
sctumned i CALL KEY are 5 for up, 2 fo left, 3 fur right,
and @ for down for botl sides of the split keyboard. /
a slight problem in isling for aero on the #AaA
KEY2 + 1< > instead
. KEY2 < =0, I ako soemis wise b0 avaid using SHIFT,
INTER, G, B, slish, semi-colon, comma, periods, mdw
wnaew bur for key input (such as firing a n
the by cades for these keys are different on the 9974 ank
w44, You will want your game to wask on both conseles
wr yuu can share with others

An example of the logic lor two players and a split key-
Pusard 5 shaown in lings 910-1510 Trom the game Mase Race

¢ section *Computer Ganslng.”

Suysticks

Limer the sample programs that come with your T1 Wired
Renwns Conirollers 1 get an ides how L0 program move-
iscit with 0nE or we joysticks. Keep in mind thar CALL
FOYST (KU, X, ¥) returns X and ¥ values of U and plus
o minus 4, depending on the position of the kver, By the
oty dan't get these X and ¥ values confused with X- and
Viowwrdinate values for HCHAR and YCHAR,

Fullowing is 3 sample program that allows the player 1o
n¢ e dalerisk with either the armow keys or a joysick.
130 i 3 CALL KEY statement. If no key on the
Leybusard is pressed, all the arrow key bogic is skipped and
CALL JOYST (tine 330) is enecurcd. 1F & key has besn
revsed, then Lhe joystick logic stmements flines 330-150)
aie sbipped. (Remember: ALPHA LOCK up for joysticks,
dawn for armow keys.)

[
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Detecting o Crash

Probably the mest common way of determining if your
moving object hil some obstacle in position X, ¥ is by us-
ing CALL GOHARIX Y ,C). The C value retusned is the
character number oocupying positen X, ¥ on the serees,
For example, you may (hen test I C =32 (space); if 5o, the.
program could comtinue, But if € = %6 (one type of objoa),
the program would branch ene way, and if €= 99 @another
ebjecty the program would branch another way—with the
approprivte sounds and graphics.

Another methad of detenmining the character In a cer-
tain postion is 16 have the screen positicns in an arzay and
have cach acray clement comatn
character in that position, For example, you may have an
array A{24,12) for the 24 rows and 12 columns of he scroen.
Exchi element of A could be zero for a space snd | for &
block in a maze. Your testing statement would lock like

200 IF AX,¥)= | THEN 240
This means i the position X Y is a block, then branch to
line 24 whete a crashing noise is made and appropriase ac-
tion takes place. Note that by using OPTION BASE |, you
will eliminate Row 0 and Column 0.and save memory space,

Do It

I"ve presented some fundamental hints asnd idea For pro-
BrRAMIMINE; now i1's Your turn to put on yaur thinking cup,
e on the computer, and have fun writing your owa
pames!
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HOW PROS PROGRAM

PART

A bad beginning makes a bad ending’’

hard. . .""?

Actially, you're quite correct in believing that writing a
#ood program is not eally 5o difficult. Bt when Lepin-
ning programmers sit down to tramlate this beliel into a
finished program, many wind up confused nnd frustrat
This can most aften be aitributed 10 their accompanying
beliel that writing a program A matter of sitting down
at a keyboard and banging away 2t it—a procedure that
is destined to fail. A

To explain an alternate h—eme that all expericrcsd
programeaers use—L'H list the sequence of events tha |
EO through whenever | want to write a program.

First, | st down and decide wha the program is gaing
it's a gamie, | write down all the rules feven if
I'm making the game wp). IF it's a business-oriented pro-
gram, | decide what features it has to have—i.c.. sorling,
saving data, or printer autput, Without this initial plan-
ning, | wouldn’t have a goal in mind when 1 reached
subsequent stages.

o 1 desian the program. A design is a plan show-
ing the functions (the *'whats''} that a program contains.
For example, a program that plays the game of Chck-
A-Luck would contain the Following funciions: (1) ex-
pl & the rules, {2) rolling dice, (3) accepting bets, (1)
raying off {or collecting) money, and (5) checking for
the final win/less condition. {Ses Figure | for the rules
of the Chuck-A-Luck game it T'll be using as an ex-
aniple.} [ don't figure out how Il do these things at this
time: I just figure out what the progeam has 1o do,

Third, 1 group together any “whats'* that | feel are
diffecent parts of the same top-level module or function,
For caample, giving the rules, generating the dice
characters, and geiting player names are all part of in-
itlalization; 5o at first I put them together under the top-
fevel function name of STAR T-UP. New, I'll write these
functions down in a Jist, For this simple game of Chuck-
A-Luck, my list_of top-level modeles looks like
START-UP, DICE-ROLLS, and END-GAME.

Nent, I look closely at each funetion {or module) and
list everything 1 need to da in cach of these moadules. For

‘ave you ever LISTed a program that you Fought,
and after looking at the listing thought, * That's not

E3  The Bostof $9'%er  Vorume 1

example, the START-UP function will also have ta in-
clude things like DIMensioning data. asking it rules are
needed, atking the aumber of i
chata ficlds. The D1 LS sedule will f
e danal display 1hem, devide
the winners and losers, and recompute new cash halances
far each player. The END-GAME routine will have to
print an approy all plavers go broke
of 8 winner is deler KAl any p
again. and restare the game,

Natice that all § have done <o Far is write down ¢
“whats™ of the pragram. 1 haven't facked at 1he **haws

1. Fhe technique 1 b weing is called top-demn
e amdd consists of breaking a problem or progeam

er wants (o 1ry

edules. These new modules are
theansclves broken down inte cuen sm: ller ones until y
Timally arsive at reasonably sized, casily codable w-lvel
modules,
Sometimes, a5 you break modules into smatier and

smaller foutines, vou
somes medules are duplicated. That means tha
module can belong 1o gor be used by) more o
higher level madule. This kind of rouiine iy called 1
subsouting. A good examplé of a subrouting that you
wonld code in TIBASIC would be a routine to display
MEsSAEEs on the sereen wsing CALL HCHAR. 1t would

find at the lowes fevels that

ore

rigurs.) CHUCK-A-LUCK Rules
1. Each ploger starts with 8500,
2. Each piayor bels an amawnt of money feom $30 1o 550

©n @ dice valia fram one 1o sis,
Thres ralled
It 19 dit has a value squal ta e valus sefected by a
phayer, e Ioses his bet
& 1P ane die han o valu equal 1o the valun selected by &
player, ihat playar tecaives an amgant agual o the |
amount inat e el
T ey ava that value, the glayer receives twice
the amaunt fe bet
1 thiee dice have that valise, the player recaives theen

@ el

ru

8

r

1mns 1he amount he ber.

8 Apiayer whi gors Bankupt s oul of e game.

2 The gama mmo when oary one playes mnaine. The ro.
maining playar i the winnar,

TG 3l ihe remianing phavers Go bankeupt at ihe same
fime, INere is no winnar,
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alled by other routines in your program (using the
CAISLTE satement) whenever they wanted 3 message
divplayedd on the sereea.

Bur when do we stop designing and actually stast
writang U program? There's a different answer for cach
prasgtam and programmer. The idea here is 10 swop al @
it where you Teel that you can pictuie in your mind
code should laok like. For advanced program.
amers, this niay mean that there are Tewer modules in 3
devign, and cach module will hive a lot of lines of code
Tt Vor beginners, 1 would recommend siopping when
cach module is sell-explanatory 10 you—usually this re-
of BASIC code.

4, 1 keep track of 1he modules
£y drawing a struciured design chart which shows which
tower-devel modules belong o (are 1o L part of) sach lop-
¢ all of my toplevel

Vahe a look a1 the START-UP modute. It meludes 5
A function called GET MAME. Now loal
DICE-ROLLS, It includes a low-tevel module calted
LIHT AMOUNT, These routines demonstiate two rules
1 always follow w programs: First, whenever
b, 1 i1 make the program *fuser-friendly.” Thi
inciudes things like displaying understandable error
wges {instead of a cryptic “NOT POSSIBLE"), us-
Rayer names (instend of numbers), and giving
e hat action is required. Too many
yenple write programs that call you FLAYER a1 and el
sou 10 do something by saying things like “CODE?
It takes only a lintle longer 1o write a program ihat says
SO AIKE, HOW MUCH WILL YOU BET TH
* And the results are well worth the ef
Of voure, in & business-oriented prograns, you dan‘t
wsually ask !ur people's names, But such a program i
udly Just by judicious use of s
ullu) prumpl! and error messages. OF course, e
g wswr-Fricndly makes for longer and larger progeams.
| peraailly den't worry about low much exira memory
seaquires at first, Aftér all, | can always remove those
wherlul messages and replace them with a *'NOT
POSSIBLE™ message if 1 have so?

Iy Al way. i you stop fo think about it, the TI BASIC
ik Entended BASIC that you work with is very user-
tiendiy. 1L does things like prgmipt you lor casselte tape
0 and give you meaningful crror messages when you
ate i EDIT or COMMAND mode,

The second rule that | always follow is that any data
1hal s LA I0EO 2 program must be fully edited=—i.c.,
s the proper type and
cr form, Always! Always! Always? | said it
is is ene of the major differcaces
en & professional program (which can be used by
atipong wilhout *blowing up' =—especially when en-
auntering some sirange input from an uafamiliar user)

.
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and a program which is nsable only by the person who
WEOIE IE.

Some af the rules that | always like to follow include:
1. Make sure that numeris data really is numeric (of
course this i3 something the TI BASIC does for you
automatically)
2 Miake sure that integers m-llj are integers (and not
decimals or ssientific notalion
3. Make sure that the d.na il s retistic (always test
for maximums and ums—c.g., making sure
nobody bets more mum:y lham he b

m now finished with my design as far as what
smodules are needed. The fifth step in creating a program
i te decide what information [ need o communicate be-
tween these modules. The mrmrmmu that is passed from
one module 10 another is called a variable. And desiding
e AR aHAHICE i et ot you sl dowa 1o wrile
program code is just as imporiant as deciding what
modiles you need. I you make & mistake in your design
variables, the last phase of programming {called debug-
ging) will take twice as long as it needs 1o be. This s
b ¢ that you need 4 new
coding changes in modules
llh.ll have alieady been coded order 1o handle them,
And changing code s what destroys well-writlen

Programs will also need variables that are wsed only
within a madube i.c., things like loop counters), but you
don't have 10 worry about them during your design. As
long as a variable that is osly used within a module has
A unigue name (Aot used again in another module), then
no problems should arise when debugging. OF course, it
the variable name will be used agsin in anothes modul
(which is a bad ides wnbess memory is, tight), then i
just as importam as a regular variablc's.

The varinbles that | need to communicate between my
Chugk-A-Luck modules are
The number aof players
The player names
The mn .u.‘ll player hus on hand
it et by each pliyer
Ths e valic o which ¢AtR player bets
“The value of each die

Chaosing the names for these variables is equally im-
portant, & poorly chosen name is asking far trouble when
you get down 10 weiting and debugging your code. A
able name has the following theee anribures:
enough 1o say what it is and whar it's for.
11 is short erough 50 a5 Hot (o slow dewn Lhe Program.
1 does not look too similar ta any other varible,

For the Chuck-A-Luck game, 1'lluse NO_PLAYERS,
PLAYER_NAME, PLAYER_CASH, PLAYER_
BET, PLAYER_DICE, and DICE_VALUE s my
variable names, And, | won't re-use variables that are
used within a mesdule.

New my design is finally comptere, and 1'm ready 1o
start coding. 1 have done everyihing that [ could ta in-
sure that the program will do its job and am ready for
the sixth step in creating a good program-—planning the
code, A we have just lcarncd, the first rule of good pro-
pramming is PLAN, FLAN, PLAN! @
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CHUCK-A-LUCK

PART 2: ““Make no little plans. , . .

First, you need  good design. Then, you need goed

tools, good materials, and poed wark habis 1o we

them all peaperly, We have discussed 3 way to develop 3

design by using a techingue commmonly called seric-

furcd design o7 top-down design. New we'll talk a fingle

how 10 get the necessary tools and materials and
cultivate the habits (hat we nesd,

After completing our design offort, you mipht expect the
mext step fo be coding the program. But this, in fact, is not
the case. Just having a good design doesn’s mean that the

¢ in your program will be correct or that you will write
the best code for the job. In evey sask, there are tw things
to remember: The first i that you want to do the right jobr,
The second is that you want 1o da the job right. To do the
right joh mcans that your code has 10 follew he design that
¥0u cune up with. To do the job ight, you have to create
the best code for the job. And like anything clse, these boil
require planning. That's right! We still have some plan-
ning to do. Only this time, we must plan our code.

The firs1 thing 1o do is refresh your memery on the design
we came p with to play Chick-a-Luck. Notice how we
developed the modules that 1elf us wig 1o do, bul net how
to do it. The purpose of planning our co is to figure out
drow we want to do it in the best possible way, At the same
time, we want the *hows'! that-we develop 1o be easily coded
and debugged, to execule quickly, and to he eas
modifiable so that we can make Turore improvements.
Starting UF with START-UP

Let's stars with the medule called START-UP. Offe of
s top-devel companents was DIMENSION, Thae mndule
is ineeded 1o set up the dimensioning of any arravs needed
in the progzam. Although it is not absolutely necessary fo
code the DIMension statement at the very beginning of your
program, | have faund that it is always bewt to put it sight
up front. So, when | plan my code, the DIMENSION
be my very first line of code. Another pood
10 g€l iNKo s 0 start your proprams at line
100, which leaves you 1oom in the front of your program
in case you have toadd an exten seatement 1o start of your
program. I will reserve lines 10-140 ar any dimensioning
of data ghat | will need. Bt befare | go on with 1 remain.
ing design of the code, | think that we had beteer take time
out totalk abaut the DIM staizment and what it is ueed for,

When 1 was daing she design, | kncw fram my original
plan that the program was going 10 have to fandle 4 players,
That meant that every time [ did something conoerning a
plager, | wauld have to know which player | was dealing
with, For example, if cnch playes was poing 1o make 4 bet
and win or lose, the program would keep track of theeg
things (called variables) for each player. There are twe ways
of deing this. The firss way ic 10 pve a different naine 1o
cach ene of these variables for each player. That is,  could
keep track of each players bet by having one varlable called

— ! and another variable salled BET_2, and so on
way, | would kinow at a plance whal was comained
imside the variable. The only problem with (his way of do-
ing things is that the program needs separaie eode Far cach
player. This means that you would have £o key i rore lines
of eade. 1L means more chances for data entey ermos. It
wis0 means (e possibility that you could accidemtally write

B vilding a good program i a lot like building 2 house

54 The fiesc of 99'%er  Volume 1

e code for each player a itthe bit differently, which i 1urm
means that you would need 1o debug your code far eah
Player.

Suppenc, however, thal you did net need o give each
plaver a differcnt va

) by the single name of BET, Then the
code for each player would be the same. As a mater of
Fact, you waukd have 1o code the Togic only once, Because
A could be re-used far cach piayer. As you can e, this
would be a great improvemest You still have more an
one player so you would have (o be able o say which
player™s BET you wanted 1o doal with. Well, 1he way thir
the BASIC language bandles this is 10 allow you 1o set up
an array calledd BET. This array has only one naime but con-
taing multiple slots, Imagine an apartment b

18 called
BET containing only ore fooe with a kot of sooms in i1,
The room nutsters sint with G and inereaent by one. The

computer can pin the betting infarmation for player | into
room number 1, the information far plaver number 2 into
fo0m auember 2, and o on. Now, in order 10 look 2l 1he
Bet of player numbes 3, 1l we have ro da is il the com.
puter to look at room number 3 of BET. We do this by

saying BET(3). The value 3 is calied a salsseript of the are
ray called BET,
This s an improvement over *aying BET_3 bt not

much. Bue i the computer can b thd which subseripe
froam number) to use via another variable, then you can
realize @ great improvement. Suppose all you had e do was
Lell the comparter to 100k at something «
X had the value of the swbscript i i, Now you
€ room nunber inside X and tell the comp
at BET{N). Honw do you put the foom number into X7 The
SAME Wiy you put any number inside any variable, You can
say things like X =3 of X = A+B er sct X 10 a range of
values in 0 FOR-NEXT loop, The important thine is |t
you do nad have to know in advance what is in A
¥ou exceute the code. By the way, | used the nanie
as an example of my subscript ¢ could have ealled
it PLAYEIR _NUMBER, or |, o any othet legal variahble
name. Alio, just because a variable s b wdl s o
SUBSCHRL in ome past of your program, it decsn’t mean thag
whe vartible can only be wied a5 2 subscripr. Any variobhe
can be used as o subscript. 1t is also possible for twe (o
miore) vatiakles 1o be uwed as crlweripts for the very same
o depeiding oawhial you are trying to do.
iyt Al s in T BASIC
questions, should be running tirough your
bead. The first question should be, *
T1 BASIC build for a given aray?™ The anwwer is o
depends on what 6 anything) yo tef) it 1o de, 1 you don't
i i ontically set aside § rooms tsloes)
el in your code, 11 will do this the
first gsme s sees the array. |F you necd mwre than 8, vou
may fot want (e wasis space on unused slots. 1y
ense—less than 8 o7 more than & with no )
well o sany sdols you noed by wsing the e
hesccond question should be, “What abou room 07
In v game, it is always empty, In some peograms, hower,
room O may very well ke uscsh, Jf raom © is nor poing 1o
b used at all, you can tell this to TH RASIC 0 har it wan't
WAaste computer memony with 3 rooms 0. This s done by
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ing a statement with OFTION BASE | in frem of the
A satement.
¥ course, just as an apanment building can have fooms
more than one foor, an ammay san have more than one
Lof slots. But since we don't need multiple levels in cur
gram, we'll leave a discussion of this 10 a latet time. For
v, let's look at owr variable 2 and see what variables
i 10 be arrays 50 that we will put them in aur DIN
cment, We will peed to keep track of information for
+ 4 players. In sddition, thers will be 1 dice and each
will have a value. Look at line 100, of the T1 BASIC
ni that starts on page 59, to see how [ coded the DIM
ement for these arrys, Natice this you cannoi usea
part of & name in TI BASIC. You can make variablc
s wilh several woeds in them by using the underline
\racter o connect the words, For instance, | coded
arruy % DICE_VALUE in this progiun.
aving Out the Dilficult is Easier ©
N ure nod ready 1o begin planning the code for the rest
e START-UP module, Because thy definition) this code
1 only be used once for cach game, | ke 1o up
awiy from the main logs af my program. For this
son, | usually begin coding these one.shot modules at
+ namber 20000 10 give mysell & lot ul e y in
ave ul @ ling of code or have 19 add wnother
wugging. | abways increment my staiement nunbes b
or more. In addition, | also make sure hat there re plen-
of uaused statement numbers between the end of one
Alule and the start of another,
The first module 10 be coded in START-UP is responsi-
for creating the graphics for the dice. Naurally, you
+ expect me 10 give you the code. But L won't! You see,
noe really important thar 1 do this right away; | can
ays create Use dice Later afier | am sure that the rest of
progrim is working corectly. This is one of the impor-
L advantanges of designing and planiing your program.
When you plan your code, don*t rush right into figuring
now the code in all your modules will Took. Farst, decide
1 modules oF parts of modules can be left out without
sating the program logic. For emple. the code 1o diplay
Iructicns can be added a5 the very Lt part of your pro-
amming ¢ffort, A program uswally will contun whole
ks requiring complex sode that can be replaced by casy
Jie the first time through. After you are sure that e pro-
2 1 whele is working correctly, you can pradually
1he easy code with the complex code. Why? Bevause
10 find your mistakes in in casy program! So an
‘rtant *rule of thumb™ is to always start out wm- an
& version of your program. Thew, as you add
ull picces, you at Teast know wheee 10 look if you it a
your debugging.
v, i 1 Jeave oul all the graphics for now, what can |
their plase? | can simply display the sumbes
cach die instead of graphically showing the dice
melves, Afier the program Is sunning, | will go back
dadd the graplics as well as any sound routines. Look
what 1 am uying to accomplish this way:

1. By leaving cul uniecessary code, § can get the pro-
1 up and running fasier. This means that 1 can begin

bugging my program earlier. This in luin means easicr

bugging beciuse there iy lews code o go through.

3. by wsing easy code in place of complen code in some
adules, | make it casier 10 debug Lhe *'guts™ of my pro-
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eranm, Aficr kewwiag Ural (e progeam runs corretly, | can
begin eplacing Lhc easy e with the hard parts o fittle a1
2 e L Cally Ol OF 10 NEW PAarts il & time.
+ debmgging becuse any problems will

probably be due 10 the new cox
3. Aldter emsuring that 1he main po(lltmi are running cor-
reatly, | can *loal argund " with th peertions without
worvsiag s | will s he pecgsadn’s oghe. For example,
after | know that the program is nowing correstly by
dsplaying the dice numbers, | can now experiment with how
1 want the dice themselvs (o be displaped. 1 can even come
ASIC and 8 different

o prites! | won't have to
worey that adding dilferent T atin destray
iy progrun

4. By gevng & version wp early, | can see il my program
uing. Atcr secing it in acion, | may deckde

sibde for piving the rules when asked, Ome part asks if the
rulis ase wanted; anether displays them, Like the CREATE
't needed
asking i the rules are

I the program you

DICE musdule, the entire code for this maodul
now, Bt il 1 o

ANy Previeas Program. H'i always & good ided 1o start out
your program wath a CALL CLEAR stalement, Notice that
in my code in lines 21010-21050, | am asking the players
for information and selling them i what foem I expect the
answer (0 be! Too ofta, o programmer witl code bis pro-
that he is expecting a particulas answer, bul neves
a i persen wing his program what form the answer
should be here is NOUNING More FTUstrating fo 2 user
than Lrying to figare ol what the person whe coded the
program means whea the program displays & message ke
CODET, am what (e valid values of (he input arc. You
should 11y Lo develop e habit of explaining what data you
ane kooking for and whiat legal values the program will allow
as part of your code for an INPUT satement.

The next thing the module does is make sure that only
the first chawacter i going to be looked at. This is done hy
using the SEGS function to strip aff the est of A,
of my programeming *rules of thumb™ is o minimize e
chance of & program user entering bid duta. 11 am oaly
expeuting @ ¥ or N, | want to ook at only the Jirst character
of the inpui. 17 the wiong answer is glven, an appraprisie
nessage is clisplayed and Lhe origina question is asked again.
The code to display the message will be evenually locaied
in lines 20000-21990, but I just put in u REM statement
1o show where the vode will be added Juter.

“The nest mestule (called PLAYERS in our design) is very
ampartant and easy 10 code, sa | will code Tall the first
sime out. This is done in lines 22000-22330, Notice that it
prompes the player for the required data in cach case, and
edits the input 16 insure that only valid data gets in. One
af U asain differences between a well writicn program and
2 pously writien one Is the amount of editing done on in-
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PuL The "hows" of an edit for an alphanumeric field should
adways include a test For an empty fiekd called a null siring).
T1 BASIC allows & aull siring (o be entered in response 1o
an input stalement. This kind of string data can cause a
musiber of prablems n your program, expecially I yo want
to display the data ou the sereen. | always test for an empty
field whenever | INPUT a siring variable. That is what [
am doing in line 22140,

It may also be necewary to Ymit the sire of an
alphanameric ficld depending an how you want 16 dierlay
it on the screen. For example, you may wand to lmil the
size of a player's name 5o that it fits on the same lne no
his eash balanee. The best way fo handle this is 1o check
its length fsing the LEN function) as part af your edit. 1
the player enters a name that is too long, you can tell him
5o, and ask that he enter a hartened version of his name.

ere is alio, hewever, anather way: You may shoren the
field yoursell by wsing the STGS function—as 1 do in line
22250,

When memeric fields are entered into your program, thei
are always four things you imust edit for. First, you have
1o make sure that numeric data was entered. Luckily, T
BASIC will do this for you sutematically so you dan't have
£ write any code o test for this, You should get in the habit
of immediately testing your input as foflows: (1) check to
make sure it st too large, () check fo make
sure it isa't o0 small, and (3) especially check to make sure
it is a whole pumber (if that's what ¥ou are expecting). Look
M my code in statements 22020-22030 to sce what | mean.
AlD note that if the answer is illegal, 1 ask for the ftem w0
be reeniered. 17 you don't maks it obvious thay, you want
the data entered again, it is possible st the person using
¥OUP PROETam may not cven know that he o she made o
mistake and gei confused on what {o enter next,

The mzin portion of eur design is ealled DIC] -ROLLS:
it 15 responsibile for sctually playing the game. First, it peis
the bees from each player. Then it rolls the dice. Finally,
it makes the payments o or collects the ko ngs from each
player wha is stifl in the game. Since this code is excouted
often. | will place it in From of my program. The theee main
componznts are ealled GET BETS, DICE ROLL and
PAY/COLLECT. The first two components will be coded
as subroutines cafled from DICE-ROLLS. Line 210 calls
GET BETS and linc 230 calls DICE ROLL. The 1hird
module, PAY/COLLECT, will be coded a5 pan of the
DICE-ROLLS module,

Save the Unimportant for Maflana.

Why did 1 st the madules up this way? The answer 10
thit question requires a little background in the style of
coding that [ have adopied. A= vou know by now, I have
A mumber of set methods that 1 follow, One of these rules
of thumb i that if 1 get 2 module that | will be expanding

e

Imer. 1 just code in 2 GOSUR statement and keep poing.
I it is a module that has o be coded fully the first 1ime
around, | usually codc it right then—unless it Iooks like
something that is hard 10 code. In that case, § code in the
GOSUB statement and hold off cading it in until 1 have
t0. I write my programs this woy because | never want fo
tackle any code that will destroy my teain of thougls. Afier
all, ane of the reasons we did & design in the first place was
to make sure that nothing importan: would be left eut. So
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111 kesp coding, | won't get sidviracked into worrying abow
the hard parts until | absobutely have to.

Lines S30.560 are used (o figure out how many
a player has afies the dice are rolled. Nodice that this is done
using two FOR-NEXT loojs, ane inside the ocher. The in-
side loop in lines 530-560 checks 1o see if @ plaver bet amy
of the dice numbers that eamic up, The oaler loop Trom
statements 25076 eontrals which player we are [ooking at,
For v, | won't code the full CHECK FOR BANKRUPT
CY module, 1 will instead eade a shert modute (statements
T40-750) to check for bankrupicy and STOP the Program
il there™s. 2 loser. Notice how the use of arrmys has made
this code smple to write. Try to imagine what it would logk
ik if 1 had to name gach variable separately

The moduls called END-GAME is alus not very impor
tant to the main logic of the program, so 1l ignore il for
now. This means hat the only modules | haven't
Iooked a1 are GET AETS and DICE ROLL. | coded them
in lines, 1200-1900 and 2000-2990 respeet ively. | am lerving
a lot of room in the DICE ROLL routine becatse 1 still
don't know exactly haw | ans going to do all of i1, Oh, [
know how 1o rall the dice. but 1 haven't golten around 1o
figuring out what the graphic display of the dice and the
design of the sereen will look like. , and until 1.0, § can't
seally figare out all of the *“hows™ of this module, Jor oW,
1will code the DISPLAY sourise ta just show what the dice
e,

In order to simutiue rolling the dice, 1 will have to creat
three random numbess betwoen 1 and 6, This i+ done using
the RND function in statcment 21 10. Remember that RND
is really random only when vou sian your program with
3 RANDOMIZE statement, W
ststement 140, But wnril | have ful
[ wil keave the RANDOMIZE statement out. Without it
the dice rolls wil not be truly random, Th always |
follew the samme pattern from the start of the program. This
allows me to reply a game exatly (e same way each fime, |
so that if 1 find a bug and kave o correct my code, § can
te the corresiod 1 the same conditions that caused
the bug i the M1t place, With the RANDOM | ZE
ment in my program, [ may the same conditions
that eaused the bug and won't be sure thar [ made the riphe

these statcments, you can find the resull
in Listing 1. Ler's briefly review just what this program een
and cannus do. First, it diocs play the game nocording to
the rules of Chrick-a-Luck. 11 will handle the bets of up 1o
< players. Tt will keep track of cash held by cach player and
declare a loser. Onee | have this propram debupzed, § then
fave ta plan what picees § wank 10 add nest. The prozram
is missing three important features: First, it siops as soon
as ane player goes bankeupt and it cannol be reared
without rerusining the program, Second, it cannor display
the rules. Third, it is boring because it doesn™t have any of
the graphics and sound featres thal the TE-99/4 can add
Lo a progsam 1o make it interessing.

‘Onee | have wrillen cnouph code 1o ren at least a
“atripped-down® version of the program, | shauld (s my
efforts tm debugging it Only afier 1 was reasonably sure
that this version of the propram was working properly.,
would I begin 1o add more code. | then would add one
madule at 2 time and tetest. And thar will be the subjoct
of Chck-a-Lick, Par 3, =
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CHUCK-A-LUCK PART 3:

““I never make misteaks'’

erzors a8 glaring s that in my finst sentence. S0 kel's

wacrect i | never make mistakes! Now, doesn't that
wiind cgotistical? Nobody would have the serve 1o say bt
out loud. But seme people who write prograns acl bke they
nevet make & mistake while programming! ‘The pro-
grammers that 1 have met ot only admii that they make
“unling errars, but they have also developed quick and effi-
el ways 1o fd these incvitable mistakes—called bugs by
pragrammers. As with everything elss, we-perd 3 good
plan—a “debugging'* plan—to catch them.

Likthe 1ast section, we wrote 3 large percenzage of the code
teyuired to play the full game. As 2 matter of fact, the only
wporiant madule so coded Wwas the praphics routing, 5o
chnigusly, it's e 1o bring on the bugs! WHOA! First we
fussie o figure out how 1@ test for the various hugs | KNOW
nere. Before we do this, lel's stop and salk about
u:r different types of bugs found infesting even the best
programs.

The first bug thas mus be eradieated is e *Baddus Plan-
s, This bug hits programs that do everything (according

Dun'L laugh. All teo ofien you find programs with

ey Griginat Tist of rules, 1 said that 8 player’s bet could
b Trom $1010 350 As soon 54 | began debugging my pro-
, Wowever, | immediately saw a flaw in the whole idea?

ot

e
these Winls of piablems can uswally be overcome. I could
s chianged the logis 10 allow a player 10 bet only multiples

ran S10are allowsd. You may have noticed Uhat this change
i already in the code found in the last section,

Note that | am not ashamed (o wdmit this error, Indeed
1 expect sarmething of the son to happen whensver | wite
a program. 50 when 1 3ct up my debugging plan, the first
e o my Bk are tesa of (b rles, Theoe Kémns dorrt
frave 10 be the first things acrually tested, bur they must be
Iested By the fime we finish debupging

The second bug that creeps inside programs is the very
ot Baddus Desigaus, This guy shows up when the cods
alraost coes what you want. A suse sign tha your program
vax his problem is that it docsnt do everything that you
wanted it 10. It may mean that you left out some modsiles

ded 10 get the program runsing correatly, 1t could alio
n ihat @ piece of code needs mors information (or
variables) 10 do 13 job. In other words, you forol (ar

iwel) same Faces when you were designing your code. This
i 01 Bug is uncovered by making sure that
twsroughly tested and also by ensuring that each foutine
ested using different values i the variables,

The third bug is *Baddus Codus,” This means that a
puece of code doesn't work even though it has all the infor-

[t

"
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‘maticn i needs. There are a number of reasons for this kind
of bug, but they all boil down 1o three major anes;

1. You didn't write code that T1 BASIC or Extended
BASIC understands (for example, you typed in misspelled
keywords).

2. ¥ou don't really know how a particular feature of
BASIC works, You expect it (o do something that it just
won't do. This can hit your code unlcss you are preparcd
1o check the reference manual for the usage of BASIC
sirjements that you Sre not thorouphly familiar with

3. You wrote code that doesa't 4o the job, The sode may
be int the wrong scquence (1.6, Yo L5¢ Zeraing out a number
just before printing it out on the sereend, or a piece of code
lie s mnissing, or you 1yped in e wrang variable name,
e even keyed in the wrong variable letter . It all boils down
w0 normal human errer

Bug Catchin

I you are ri, T BASIC orr;mndrd BASIC will eatch
some af your er
oo way 1o eheek for a case ur
aver your eode before running it and then carelully watch
how your program beiaves when you rn it.

Sence @ test plan for cach propram depends on the par-
vicular code and thereTore is unique, the best that 1 can do
for you ks list some rules 10 follow when making up your
test plan and debugging your progrars

A- List the program and visually ¢heck the code. Review
your code for incorrest speliing of variablcs, mis-
coded statements (i.e., missing double colons betwesn

wded BASIC), and incorrect CALL
rors you find immedingely. Afier you Tave
done this, do it again, Then save this capy af your program
10 disk of tape before you run the program. This will pro-
tect your hardcarned code if your compuier decides to
our program on the very first test, Label this Ver-

B. Write down the function of each major module. Under
each modul the range of valid variables. This should
e done s that when you begin Sebugsing, you can st up
your tests using bach the largcst and smallest valies poss-
ble for cach motlul.

C. Set up ates for each major module. Write down what
waltses you will ipt and WAL YOU expct the output waluss
o be. 17 o don't weite it down e e you begin your tss,
you won't peally know if & module is working correcly while
you are debugging.

D. Decide whether or not you can wse e l]J'iE\k com-
mand (o test the module, In many cases, a wutiae of module
<an be tested locally, Ry that, | mean that the module uses
only a few varinbles and Ut you ean set some values for
these variables a2 the start of the module and BREAK at
the end. Then you can chieck 10 make sure that the results
are carrect by PRINTing theat on the screen when 1he com-
puter stops 01 the BREAX poini. For exampke, suppose &
souting starts a fine 1000 and uses the vasiables X and ¥
as input. The routing is suppased 10 we these values 10
caleulate the variable 2 wsing some formula. You can 1ost
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5 routing Incally by adding the fodluwing eode In the front
and back:

1000 BREAK freplaces the REM statemend at the seare
af the rowting)
foutine
cade is
here

1100 BREAK
Now RUN your program and make X and ¥ whatever
valbues you want them 1o be when the program inlsially siops

add the fallowing Drogram stafement afier the second
BREAK: 1110 GOTO 1000, [y this way, the routine will
continually repeat so that YOU €28 tes1 your code using a
fumber of inpul variables without the trouble of kaving 1o
exccute the rest of the program each time. That's why | call
it afocal est, Just make surc you remove that extra GOTO
Stdlement as 5000 as vou finish testing that module!

OF course this technique isn't possible with all routines,
and {5 some cases, it's not worth the effort. Just keep in

mind that ir's one debugping tool that you can us, talig
shows a pood reason 1@ et into the habil of writing wery
stralghiforward code, In 2 soutine, you should (ry 1o

minimize GOTO statements which ke the proganm our-
Aitke the routine. If the routine abave had GOTE sasements
hat jumiped owtside the routine, it would be almas impoesi.
ble 10 test the routine tosally, becawse you could never be
sure dhat your program would resch statement. 1100,
Althoueh program size limitations may [oree you 10 oo
nes with only onc entry point and

Bram was doing at the time. For example, If you notice 3
problem in a routine only when the second player 5 ber,
Fimg. oF if the dics rall [s 4 6, ihis is very impertant nfor-
matien and you should make sure that you wrile it down.
\ast until you have uncovered a mumiber of problems n
uatil the computer steps with g BASIC error message.

F. Check each routine where an crror occurred, Mental-
Iy “walk™ through the code by doing each instruction or
caleulation en a piecs of papes. Usually, vou will find your
¢ the crror, wrire

error this wary quite easity. Wien you
down the line number and the selutios b n!
Thia Is because 2 soen ns you change any of the code

code, look ai any incermedate results that may be availabio
by PRINTing any intermediate variables. Yot imiay be able
1o find your mistake this way, This works cspecinlly wel]
in complex eode with a lo of intermediate totals.
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. If you gt 10 a very difficult spot where the code
Yoaiks K. but you ase surc it contains an erear, don’t panic!
Use the BREAK *ex command. where xxx is an actual line.
rumber. This allows you to-s10p the program every wo of
three lings, At cvery BREAK, PRINT ilre important
variables, and write them down along the line number of
the BREAK. Then type in anoiber BREAK x¢s comman
IR 8 fine nuntber two or three ives Turcher

i CON and wait for the program 1o stop again

OF (3% lang as the code you are entering i pood code),

H. When you have gone o far 5 vou can in this v,
fis all the bugs thay you kave discovered, Check off 5 ny
of the rests thar bave suezessfally been concluded

F- Save this new version of vour program 1o disk or tape.
§ wsually have o version mumber in o REM s

Trant of my programs, | incrense this version number every
time 1 change my code. This allows me 10 know what ver,
sion of the program 1 have read into the machine when |
Begin my tests the next day.
tape. make sure )
number. If you are

£
DSK1L.CHUCKV3). sion number part af
your SAVE routine ¢an save you sume agonizing problerns.
There ix nothing worse than reallzing that you are debyg.
Eing the same code thar you fived ihe day before,

J- AS your program rims, seview its actions gainst the
rules and requiremants yhag you origin 21 up when you
began your plan. Siee if the results are what you expected,
P they aren't, imesediately siop testing and 113 1o fipare ool
hy. You may have 1o change the rulee, You may crn e
1o redesian part of your peagram. 1t isa't wortl testing any
more until you fix this kind of probler,

K 1T you get an idea 10 improve your PIOgram, write it
down. D't s1op texfing to make minor improvements. Yoy
may avetiook a major Maw while ndding 3 ssnall feature,
Add ail of these impravemenrs a8 ane i, and revise yous
165t Plan [0 retest the ol eode as well s test the changes,

After my initial debugging, | began (0 a4 some of the
odles that 1 left eva the firkt time. The fizst routing | nuyy
£ checked to see if the game was over. This fearure ey
2dced in lines 750, 70590, and 50005400, | do (hes by
ehecking cach plavers cash balance, If 2 playes has balance
$reater than rero, | increasn 2 eounter which 1olks me hou
s Dlayers are sill in the gais -, | abo save that player's
umber. That way, if only ane player is lef at the en o
2 roundl, | knew who it is. IT the game is over, [ etk 1
see I 31eplay is wanted. | ko added the coe
21100-21 500 which displaye the rules, | then retested the

1l they clid not couse any dantage (o the ofd eode iy the
£50OF 1t program,

It the next section 1°11 explain hew | added the graphics.
Ior both the T BASIC and Exiended BASIC versions. Fa
PO, ¥OU can sty and type in the complete T BASIC
Eame listing that follews, @
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CHUCK-A-LUCK PART 4:

“The Die is Cast™”

cfose me was the task | had been putiing off from
B 1he beginning: to plan the griphics for the DICE-
ROLL ruutine.
Because the program had been coded in T1 BASIC all
shomg, | ooded 1his routiee usiog HCHAR and VEHAR
graphics. 1t occuried fo me however, that the Extended
ASIC graphics ubility Gi.c.. spritcs) would aded a 1ot 1 this
piwgram. Then | saw that it could be dome bath ways.
It onty problem was that 1 am not very graphics:
ight, but | am no woald-beater at

uru of Graphics,” Roa
his nanee on some fine pro-
rums hie has wrisien for 9%er Magazine

| waked Ron to develop a graphics routine to display dice
solling dnside 8 Chick-A-
ater, be catled me back with the
uin—1 Just gouldn't resist it Redling the dics was
mplscaed for hi program, b Row di coxne

ally.

fen 1o move the

Starting fo Roll

| rewarked Ron's rousine so that it could suppors both
SHRITE graphiss forinclus \h. Eateruded BASIC ver-
u HCHAR graphics for T1 b desigie i
S hit DICTE-ROLL need an i aliing routine 4o
wr up sorme variables) s well as the aetual graphscs rall self
Vaddedt .mulhu madule 1 display cach player's name, cash

bet, and dive valise bet,

HO[ L ruaitine needed throe new i

s, Each
and 3

Euch charncier can have efiler a dot (pip) or
ce there ure three dice and: each needs 9
we will have to keep track of th
ors for the fiest die will be

and 19-27 For the third

erack rulimates (ihe Colurms).
lhu(l\ ofllnm. arrays must be DIMensioned

feay <alle] DICE._PIP sels whether characiers e
Tave & pip for each possible value of the Sinvoe
cach 10 comain mi’cmm—
eed 3 two-dimensional ar-
wmm-ul of 8 eatries for each of 6 possible dice-values.

Arrays are Like Builldings

Rermemnber our discussion about wreays? | said thas you
it envision an arruy asa building with a number of rooms
cach Nood. Wel, in o 1wo-dimensional array, the first
sareable ean be thought of us the floor number. The second
awiber is the room on the Noor. For example, you can think
wi DICE_PIP(2A) 8 the value lacated in the dih room
wi the second floor of @ building salled DICE_PIP. For
uur program it will contain the information about the 4ih
e tow o the le(r) needed o display 2 dice

e display more interesting, Ron sdded 3 more
Suacs. He realized that, depending on how o die fell,
e valuss of 2, 3, and 6 <ould be portrayed twa differen
ways, The three extra “floors” in DICE__PIP are alter-
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nate displays for the values of 2, 3, and 6, This meant the
DICE_ PIP had 1o be DIMensioned as (9,9). 1 added this
ar line 110. In addition, for the SPRITE version of the
toutine in Extended BASIC, Ron nesded an array to keep
irack of particular picces of the dic, 1o determine if they
were in position. He called this arrmy LOC, and since there
line 120,
2001020420 (se< Extended
BASIC listing stasting on page 63) o fill in the da nesded
for the new arrays. Lines 20100-20200 are used
t0 read in the data fos DICE_PIP. Each DATA line
{fn 25000-25080) describes whether a characser of a dice
vahue i suj 1o be Blank { = &) or have a pip (= 1), Each
line gives the information needed for the 9 characters mak-
ing up the dice valuc. Line 25090 is an extra DATA line.

T BASIC usually slows dawn when it reads the tast DATA
line in 4 program, bul with an extra DATA statement, it
never reads the last line, and never sdows dowa,

1 order 1o simulace the DISPLAY AT funcrios, available
only in Extended BASIC, | added a routine 1o she T1 BASIC
version in siatemenis 4800-4830 (o prine whaiever was in
MSGS beginning a1 COL on the sow contained in ROW.
It runs much faster than the code given in T1I's Program-
ming Aids | software package because it is restricted to 3
single raw and does na preliminary editing of the message
area. In lincs 20300-20420, T added the codes 1o show whae
cach of the % characiers for cach div are (o be displayed.
In the TI BASIC version, these are actual row and column
numbers. In the Extended BASIC version, these comain the
dot row and dot column valuss needed for sprites.

1 then coded lines 2000-2370 to display the information
about ebh player an the scraen, The new code in 2600-3920
displays 1he three dice values graphically. Linss 2630-2740
give a $0-50 chance 1t a dice value of 2, 3, or 6 will be
displayed in its alternare format. The 9 charactess making
wp the die are then displayed in the loop in lines 2750-2950
in the TH BASIC version, and lines 2750-3020 in the Ex-
wended BASIC version. For T BASIC, this consists of a
simple Yoop which displays a1 LOC__X and LOC__Y the
appropriate DICE__PIP for each of the nine picces. After
the character on the tast die is displayed, 1 wait  little while
and then leave the ol

Natice that i erder to Highlight the dise rolt rowtine, 1
changed the color of the sceen and added a inle music.
My ““muasic jar'* of melody listings borrowed from ciher

rogriums gave up only one piece that remotely maiched up
with gambling, the *Call to the Post™ tune played at the
teack just before 3 race. Perhaps you have a more fitting
musical phrase.

“The sprize version of the display routine is more core
plex than the HCHAR version. 1 will go through it very
carefully because Ron has some greal ideas abaat éonrol-
ling sprites. Note that this routine was written with multi-
ple statements on each line. This has 10 be done to make
vour BASIC cods run as fast as possible when handling
sprites., Slaw code at this point could make it very difficult
to handle them smoothly.

Graphic Routines

A1 you have an inerest in ng Extended BASIC pro-
grams with sprites, iracing through the following prograns
will put you well en your way toward your own creative
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endeavors. All line numbers from this point on will refer
10 the Extended BASIC version only,

273412820 This code figures out the sprite number for
sach charscter of the dic being displaved and starts it out
a5 a sprite with 2 random motion. Note that this metion
can be cither positive or negative so that we got them Mying
in all directions, We also set the LOC value for that
character (o 2ero, to show that we haven't yel moved
Uhe character back 1o its final location,

2B40-2920 This routine uses a variable called CNT 1o keep
track of the number of characters moved back to thilr st
ing loations. If this numsber is low cacugh, we will ran-
demly choose the character we work on. If CNT s 21 oF
greater, however, we won't choose the character sandom.
Iy, We'll just look through the LOC array sexquentially te
find the fist character that we haven't vet moved
back to its location (i.e., its LOC has a zer0 in

Why is Ron going through the trouble of doing it this
way? The answee requires a fittle thought, Supgose we just
randomly kept choosing a figure. Ry the time 20 or 5o
characiers have been resel to the Ninal location, the odds
on randsmly selecting a good charaeter will then be 7727
or 26%. The odds on the next sclection being a pood
character will then be 6/27 and they keep geiting smaller
and smallcr. With one character left, the odds on hitting
it randomly are 127 or less than 4%, As you can sex, it
is very unlikely 11t you will hit a good character when on-
Iy @ few are left. To grevent a long wait wntil the computer
randamly locates a pood character, Ron set ug his code so
that the last 7 or so sprites will noi. be randomly chasen.
Of course, he bs alio chocking CNT 10 see if e hat Gnished
with all 27 characters, et

2930-2980 This part of the rourine takes the selected
character, changes its color (o black (10 highlight it on the
sereen while we play with in), and freezes it mamentarily,
That is what the CALL MOTION[IL,0,0) is for. The ma-
Jot prablem in sprite handling is that they keep moving a1
3 prety leigh speed, while BASIC koeps plodding along with
old data. Ron prevents this problem by freczing the sprite
beforc finding s location, This means that be gets accurate
data via the CALL POSITION code,

Afer locaiing the sprie, he computes the velocities necded
10 move it back 10 is erginal gand linal) Location. The Ex.
tended BASIC reference manual talks aboul row velacities
and eolumn velocities, but it decsn’t explicitly tefl you that
$ou can conirol the direction of the sprite. For example,
if you want 1o move a sprite 11 & 45 degree angle, both the
row and calumn velocitics must be equal, To move at a 30
degree angle, just make the column velocity equal to twice
the row velocity, Ron is wsing this fact in statemen 2960
19 figure out how far the sprile s, vertically and horison.
tally, from where it is supposed 10 po. He ealeulates this
i MY and MX respectively. He then adds the twa Lo gel
a value called TOT. The distances ean be positive of negative
depending on the sprite's tocation relative 1o is final
position=left of right, above of belaw,

In order ta get 4 good vahue of TOT, we have 1o fenore
the signs of the distances. In other words, we don't care

the numbes is positive or negative, as long as we know
its absofute value. We find il with the ABS Tunction, By
Making the row and column velocities a Tunetion of both
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the distanee the spritc it has 10 go (MY or MX) and the TOT
vahue, we can direct (he sprite 1o travel in the right diree-
thon. Take o look mu the Inst statement in line 2960, It uses
ilie MAX function available in Extended BASIC, TOT must
be @ reasonably-sized number because we will divide MY
and MX by TOT to get our velogitics, Since it is possible
Tar the sprite 1o be right where it should be, TOT can be
2era. I you divide by 0, however, your progeam will stop
with an error. Te make sure that TOT has a value of af
Ieasi one, you would normally code in something like this:

oo TOT = ABS(MN) + ABS(MY)

vy IF TOT <1 THEN TOT =1

axrr
This can be done just as casily with the MAX function,
which gives ihe larger of the two alrern.
if 1 s grearer than the result of the addition, it will rerurn
1. O the ther hand, if the result of the addition is greater
than 1, it will return that number. Using 1he MAX fune-
ight in the mid-
(along with its cousin, the MIN func-
tion) is 2 handy feature of Extended BASIC thar can save
vou a lot of coding
we just eomputed to set the spritc moving again using a
CALL MOTION,

20903010 [ have also set a new variable fimy, we ase col-
lecting a whole slew of them now!) called CHE o be cqual
to 2er0. This counter will be used 10 make sure that we dan't
try the next lines of code more than 10 times before we pive
up and refigure a new MOTION command. I1f we haven't
tried it mare than 10 times, we do 3 CALL COING to see
i the speite has reached its goal. I not (HIT = 0Fwe po back
and de it again. 1f the sprite has reached its final location,
Ron stops it with a CALL MOTION. and docs a CALL
LOCATE 10 make sure it is being stopped exactly where
e wants it This &s necessary because & sprite that keeps
moving beiween the CALL COING and the final CALL
MOTION may ne Janger be in the right spot. He changes
e calor back t~ white.

A020-3920 This code ehecks to sce if we fnished all 1he
characters and restarts the process if we haven't, It then
changes the sereen back to green. 1 also issues & CALL
DELSPRITE which clears the sprite characiers from the
sereen.

Protection and [mprovement

We have naw finished the Extended BASIC version of
the code, Our pame peis a final debugzing and is ready 1o
go! The next gep is just some administrative wark to make
sure that. your effort will First, change the
REM statement at the beginning of the Program so that it
says FINAL VERSION as wel as the vorsion sumber, Mast,
save it ~n cassette tape or disk. Label the tape or disk with
ihe name of the prograc, the date, and the version aumber
along with the words FINAL VERSION. Make two copics.
1f you are saving on tape, make one copy on cach side and
verify beth. Then make another cony on a hackup tape.
You should slways have a backup tape kept separately from
your eriginal masier capics. Remave the tabs in the back
of the tape to prevent accidental erasures. For disks, add
the write-prorect tab. Make a backup disk, Keep it scparate
from your regular dsske, Then enjoy the fruits of vour labor?
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periodically, This program docs not use the Texas — gram gives some pasiiive reinforcement with some sounds
ruments Speech Synthesizer. and the message, “YOU SPELLED IT RIGHT!!™ I the
dssign incorporates one of the simplest, yet most  wosd is incorrectly spelled, the student must try again un.
untal programming struciuzes: the Joop. Omne of the 1l il by correur,
stunl valuable features of computers is their ability 1o This section of 1he program Is also 4 loop. An incorrect
chedt any task many times over.  Spelling Flash uses a  spelling sends the progeam from line 280 back ro Le 220
GOTO statement to Farm the loop. ‘The program begins,  until the student gives the correct spelling. After the st
reads a word from its data, presents it 1o the student, ac-  dent has spelled the word corsecily, the sereen is cleared
+el3 1Ihe FESPONSE, prints 4 message 10 the student and then in
repeats the process, Line 330, GOTO 200, simply seads
the program back to line 200, where the process begins
agats. 113 this case, the loop (and in Spelfing Flash, the pro-
eraam) eteds when it reads ihe non-word *ZZZ. Line 210
ks for chis fag: if the spelling *word™ is 222,
Is the program.

I1s order 16 vse this program, the spelling words have
ta B¢ typed inlo the progran: as DATA statements, The
svcampanying listing has 2 selection of spelling words, star-
ting in ling 380, but you can put in words of your choice,
vl vourse, 17 you use more words than are in the listing
slawn, and in the preeess generate mere DATA statements
with more line numbere, you will have 18 alter the value
arter THEN in line 210 10 refleat the new line number of
the END statement,

The words will be read as string variables, They may be
enterad with separate statements for eneh word, or sevesal
worids may be listed in each statement, os lang as they are
wparated by commas, “Wosds™ in this context may, ol
suursy, also consist of phrases or pames with embedded

pelling Flash will help stadents revicw iheir spelling — spelling the word by pressing the ENTER ke, The pro-
S v ot !
&

=

1 urn a data error
itries Lo read data thot's not there.

Whea the progeam runs, the screca is firs cleared and i
< wpelling word is flashed on the sereen. After a short detay,
the wordd is cleared and the student is asked 1o type in the i
spclling word. The subroutine in lines 340-370 cause the rowram may be saved on cassere tape for the

This p
swelave if it seems 100 long or 100 shert, the value in line  studeats’ daily use. Each week, you can alier the %ist of
340 cats be changed. The studen signals that he's finished  spelling words by ehamging the DATA Stasments,

Sevyrgpe &1
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Here is a pocket-sized program for (s T1.99/4A —small
snaugh to (it ona ¥ § card—that is nor oaly guick to key

but is also educational, Hlusirates a panerful techniue
with random numbers and is fun for all ages. The Pocker
Typing Trainer asks which characiers the user would like
1o practice, and then plays back an eadiess series of ran-
dorm five-character groups for him 1o copy. Twe [ones riv.

ing at the end of the typist’s resposise ;" twe
wones descending hie nean “Oops.” Try it! IT you arc a
inning typist, Sart with characiers ASDF. the home keys

of the lelt hand. Stop the program with a FUTN 4 for
SHIFT © on the 9974 kerstroke when you ean type those
four consistently without looking at them, and RUN the
Program again with ASDFIKL, and so forih . .. . If you
are alrendy 2 typist and you want o practics -sme of the
unusual features of the TI-09/4A kevboard, as well a3 some
of the chiracters impartant in BASIC (but not toually part
af the typlst's repestoize), try the characters “$( 1% + -

¥ou are unlikely to notice it, but the Poacker Taping
Tralner weads to focus on the characters whielf the Typis
s petting wrong—a remarkably sophisticated feature to find
in a pocket-sized program —and one whis
next point,

i
inc 180 is where OUTS, the random character String,
B manulactured a charaeter at a time, It pright have been
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wrillen without theAl, in which case equal segments of the
interval fram 7ro 10 one would he assined

Fiven by the 1ypasi, (Since the 99 t random
gencrator, RND, generaies “unifarn numsbers,
every characier would have the same chance of being
chnsen.) WithAl, the randorm numbers arc cubed before
a character is chesen. Since the mumbers are less than 1,
they get smaller as they ace cubed: this resuls in many mere
RND's corresponding (o characters a1 the icft end of the
LETTERS siring. For exampie, suppose that LETTERS,
e siring of characters which the typist wants 10 practice,
Bas four characters, |E RIND turns out to be (50001, then
the chara it more than half way down LETTERS (..,
the third character) would be the one chosen. But 1 we cube
RND, the resui is 12400, wishin the firs
quarter of the range from 0 to 13 and the first charactes i
chosen. Peraps Dingrarns | and 2 would help to ilustrare
this more clearly. The Pocker Typine Trainer takes advan-
tage of this by moving misscd letiers (o the besinming of
LETTERSS {Line 270,

T IR T T
W ermens 1™ R wno? errens
= i i
| .
| -
1"bla
150
| o | 5t e
x | Ele
Tharues 2 L et Ry
L Rt
e St

The lesson here s that wniform random numbers like
those provided by RND are a perfeerly satsfactory foun.
dafion for any sart of randomness one could desire, This
includes the starssticians” Favorites: Gaussian, binomial,
gamma, and 50 on. One simply needs ta apply the proper
tramsformations.

lHomework

ailoring and embellishing programs to suit wers” per-
sonalities is at least half the fun of computing. The Pocker
Typing Teainer can be extended in many dircctions. Here
are some of the options:

Problem #f (simplel: Modify the progiam 1o allow the
Iyt o choose haw masy eandom chasasters he'd ike on
the line.

Problem #2 (imoderate): Change the peogram 1o beighten
the cmphasis on eharaceers which the typist is gelting wiong
whenever the error Fate is high

Prottem #3 (sound and g ractice): Keep scare,
and periodically (say every 3¢ lines} treat the typist 10 2 cols
otful and melodic dispiay, one whose claborateness. is
greatest Tor & perfect score. =

Corprghe © 1983 Emerset Vates Pubsibeng Co.




e T o L,

il the Tuss is about, you must first know
) und»‘!uaﬂd
seudocode and its relation

- wwGGpE
~iachwiaaisre

Fortubil Pseudacodde. und P-machi
Let'ssLieT by assuming thit you plready kng
e, mgn .u_.. compiled Languag
el Js this article

that your
+Lod Mas wrinen a really great Pascal u.mpmr and

g system in his pative 6502 Assembly Langiage for
¢ computer. You'd Like to move it to your fully-
wontigured 1A which has o TMS9RE microprosessor.
. »

1 MISARRD dssermblorh, But il would probably be a
worh s starting from serutch. How about fiest weiting,

fur 5|muldl\un )"l\‘f.lm lur your TMEPS00 and leming
1 ? Bt even iF you do this, I)K

sia I.nu in lmvuu: mll u‘w'!l in @ lons of speed ai
cmory overhead. This is whas the ml:mcnm[!ulcr

¢ Lingisages oe applications soltware (1om one systemn

e 8 pniachine for
ealized stack com-
the native language

m here? What's the use

mhschie. ] or i I CPUTERE 10 5t ware o
Sty ? Must we 1row bt all existing hardware und sofi-
J sart ower by gving everyone pmachines?
¥ not. Rather, consider whal would happes if we
diflerenoss between the nsLrution feper-
fie microprovessors, so that they all execus

vt 414 198 D ¥aey Putiuriag Co

an identical p-gode. 11 e cmutator for each CPU
s native asscmbly Im.&mn)‘ one of |m

ware mu\d be written on differem (anlllm]n a hlxh IE'M
Lanu.um.: sln.lhh Pascal, then compiled 10 pcode, and fina

for each spesific CPL, Since the p-sode
heors 3 program wrtin on, e,

\no\l\:l bc umvcﬂ:l
an Apple could be

if the pro
portability?

Iiss 5, in effect, what has been dome in the LICSD Sofi-
ware Sysiom. All figh Tevel languages in the sysiens — '

b e e e
o Wokiel 21 it 15 that the syifem satwire & ot partable
ar all, because it is always exceuted on a p-machine. The
ponability is provided by 4 p-machine emulaior for esch
has. So wher you think of a TMSI900-based system ran-
ning Pascal, it is reall:, running a simulation of a computer
which is running abject progranss.

Speed vs. Space: A Tradeofl

What price do we pay for the benefit of porability? The
detonr thro prmachine often produces slower exeeu-
tion Lhan would futive code. Bul raw exccution speed is

alien d bevause pcode is smaller
than the mrmmnd.n'j native codc—allowing the available
WSO 10 5900¢ @ mere capable program, 17 a program can
be represensed with pecocde thar fits ensirely into available
memory, and using native code requires extensive overlay-
ing, then the pcode verson will actually run fastert

For best perfommance, i o desirable 10 optimize same por-
tions of a program for space and others for speed. Siee
the UCSD Pascal Sysiem provides sommunication between
an assembly language rowine and a Pascal host program,
i is possible {with some redudtion in portability) to coide
time-critseal routings {usually less then 109 of 4 progaan)
di in assembly language. The low-level assembly
fouling can request aeesss Lo host program glabal variables
and comstants, and can 2ls allocate its own global storage

space.

A project is underway i SofTech Microsystems (the firm
responsible for the licensing and mainenance of the UCSD
Pascal Sptemn) o alleviate many of 1he performance
dranbacks of peode (¢.g., spesd) without sasrificing port-
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ability, Code penerators will translate titte-critical pro-
wecdures into native code through an optional siepin the com-
pilarion process. A code generator will take a eomplete p-
code program as input, and produce, a3 satput, a misture
of unmadified p-code and transated native code procedures.
Programs can then ke wiiticn and maintained entirely in
Paseal, witl the pcode object version still completely port.
le. A prototype code penerator fer the TMS9900
q in execution
compazed 10 inlerpretive exceution has been around a fac-
£ar of 15! And if we take into account that translaicd native
eode for the TMS9X00 is about $0%a larger then the cor.
resgionding p-code, the impravement is indeed significant.
The Operating System

UCSDr Pascal is not only a language compiler, but a com-
plete operating system with utilities and libaries. In addi-
tion to the Compiler, you have a screen-oriented Edicor and
a File Manager (or Fiter), The design philosophy behind
UCSD Pascal was to keep users continually infermed abaut
the state of the system and the aptions svailable i that state.
This is done with o prompt Ene that allows users to select
aptions by typing sinple-character commands,

The screen osientation of the Editor means tha you'll
b doing lots of paging insicad of scrolling, The editar posi-
tions @ cursor into the 1ext file being edited and susrounds.
it with a *“*window ™ into that area of the file, When Yo
look at the display screen, you are peering into this win.
dow. To modify text, you simply move the crrsor to the
place where the change is desiced and indicate the change.
Commands are provided for maving curser, finding and
replacing patterns of text, making insertions and deletions,
and copying text fron clsewhers and moving it 20 any posi
tion indlicated by the cursor. In sddition to the powerful
text editing commands, special facilitics are provided for
processing documents—e.x., user-specificd beft and right
margins and aulo-indenting to encourage the writing of
structured programs, In microcompiser systems without an
Bi-calumn display, horiznnial seredling allows wsers 1o move
the tex window lefl and right to view the entire Paseal page,

hen you enter the Filer, you have aceess fo another
complete set of commands: (1) housekeeping comemads
such as listing directories, compressing files on a disk, and
testing disks for bad seviors: plus (2] progeam evecution and
file manipularion commands far excouting named ohject
programs, invaking (with shorteuts) imporiant system pro-
FTaims, designating Fles for removal, and renaming or
transfesring among on-line devices,

The Pascal Compiler teanshates Pascal pragrams from a
humanly readable toar form gsouree eode saved
on disk by the Extitor) into preade form {object codg) which
is saved on disks for fulure execution. The Compiler s
dlesigned to transiate the entire contents of a test [ike in one
prss. But unlike the Editor and Filer, it has hardly any in.
terdetive eemmands. Yeu can, however. change cemain con.
trols {directivesy which govern the way it which the Co.
piler does its work
Errar Handling

A big difference between an interpreted language (uch
a BASIC) and a compiled language fsuch as Pascall is
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dcmonsteated in the way syntax ard run-ime errors ar
handled: If the Compiler finds a syntax ersor, it halls an:
displays an esror message (if you've set it 1o return to th
ally), o prints on the screen a progres
display contaiming copies of the line fand provious fine
wheze the program crror was found, as well as the code
Aumber of the syntiax error. You ean M the error by retun
ing ta the Editor ar attempt 1o compile the rest of the pro
gram. In some less drassic conditions, the program will, iy
fatt. compile all the way to the end witkout the Compile:
losing its way.
Run-tims {exeeution) crrors also cause all the action 1
stop. A three-line ereor message tells you the (vpe of error
the segment and block where i oeetered, and how far
Is from the beginning of the Mok (whick you conver i
the actual line of code). In simple cases, this will be all the
help that’s needed 1o pinpoint the crror; in more comples
cases, you'll have o insert WRITELN staements [ihe
exquivalent of PRINT) 1o determine the values of variable:
before the program blew up. (There's no convenien:
BREAK statement as in T1 LASIC )

Additional Language Support

The UCSD Pascal System does, in fact, support ad
tional compiled languages. Al present, the TORTRAD
and  DASIC Compiler are  supported direetly
By SalTech Microsystems (MicroTorus CIS COBOL is alse
presently running under the UCSD p-Systcm), SofTech alser
has a Cross-Assemblers Package (a complete set of cross-
assemblers generating native cose for the Z80, 8080, 75,
PDP11/LSI-I1, 6502, 6800, 6809, and - 9900

: that allows s on fhe host
machine of your choice, for 1be object machine of your
choice. Think of the possitilitics. . . .

UCSD Paseal and the TI-99/4 Cammunity
Texac Imteuments has implemenied UCSD Pascal in a
P-Code Card for the Tl Periphweral Expansion System. ‘The
P-Code Card contains an opcrating system ealled the U
p-Systean and allows access 1o 3 variety of languages in ad-
dition 10 Pascal. Besides being  powerful tool for softwars
developers. UTSD Pascal in T1's sersion is also of greal
importance ta software users: Users wan't have 10 buy all
the saftware aad hardware that sofiware deveinpers seed
in erder 4o wiite and debug programs. The smplest con-
Mguration For sofiware usess requires the T1 Home Com.
PUIST, 4 monitor of TV sct. the T1 Peripheral Expamion
System, e Memory Expansion Card, the P-Code Card and
a cavseite drive; safiware developers will need the Divk
Memory Systemn {the Disk Drive Controlier and 1 ta three
dink drives) as well, Under ter system, a T1-99/44
i cd and power-

¥ 2 minimal investment

in the system hasdwars and saftwars, )
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