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Language Conversion:

TRS-80 BASIC

to

TI BASIC

sckedt away in my basement, 1 have both a Radio

I ack TRS-80 and 2 Texas Instruments T1-99/dA
The hallsdozen personal computer magazines 1 read

cach month provide coding and ideas for many new pro-
staatis for mry TRS-B0. [ now have a largs calkction of these
i1s it have growst Lo appreciate greatly the help and

tustion will be r.\pquy remedied.

s obvious.
HASIC.

At the suggestion of $er Magasine's edior, | read an
by Harley M, Templeton appearing in the Navember
of Personal Compuring magazine. Although the
ghlighted the major differences between the ver-
ns of BASIC wsed on the two systems, it didn't poi
vt which diflerences matter and which are merely
sereting but of little practical importance. As you
et the anly way o find out is Gerually [0 Convert 3 pro-
sram and kearns rons the problems that you encounter

To set up a fair test, | selected TRS-80 programs from
opgenite ends of the spectrum: The first was a “*number
stuncher™ which 1 had written ta convest the number cor-
Foct DAL 4 et 10 @ sealed value On @ continuum of karning.
(Aly nine-to-five job involves the management of the stan-
dardized tosting prograss for tse Portland, Oregon, 5
.} The other program was un adaptation of the ideas
belind a slot maching in David Ahl's Basic Compater
Cianry—a program with exensive use af graphics.

The first trouble 1 encountersd was in convering the
PRINT AT command availsbie on the TRS-80, The pro-
.n.iure suggested by l:mnmn was 10 56t a loop as foliows:

il fotin

i L The w:u tion fo
d convert my TRS-80 programs 1o T1

1wy

Inthgary his wwks ﬂ!lt. bt it is slow if the stris
1 long; vingle characters don't walk neross the sercen—
they crawlt Since the program requires @ prompe prinicd
i the middle of the soreen 10 cu 1he operator (o enter the
ext five values for the sealing procedure, my final solu-
o was 10w the following coding:

Comparant € 198) Emersis Vasuy Puskitng Co

This procedure cawses the text promipd toscroll up fram the
boutom Lo the middle of the screen. 1 s not especially
specdy, but it is fast encugh for the data entry in cases where
you don’t peed lines that disappear ! the top Of (he scTeen
a5 the result of this scrolling actien.

The case with which the **number crunching”' code son-
verted was a pleasant surprise, I was Important 10 keep
tack of the differences in the line numbers for GOTO's
and other branches, but that, in fact, presented lintle pro-
blem, What wis more difficull was canverting the lagic of
IF-THEN-ELSE clauses. TRS-80 (Microsalt) DAS
multighe statements following the THEN- and ELSE-coding
that are difficuli to keep straighe and re-code. The multiple
line conditionals can be converted, but the conversion re-
quizes a clear head and a basic understanding of how the
program works

Hetause 1 had written the TRS-E0 program myself (it hed
miore lines of documentation than coding) and naturally
understoodd ity eperation, the conversion was lairly straight-
forward. After ] changed nearly all the PRINT and PRINT
AT stutements, the program worked the first ime (surprise).
“To cheek it out, | made 3 comparison run on the T1-09/4
and the TRS-BD. Surprisingly, they man the same job in
almest the same time; three minutes fos a forty frem test.
Finally | spruced up the program a linle with CLEAR and
CALL SCREEN commands 10 take advamage of the col
or options available on the TI machine.

The secand program was @ challenge. It had esseatially
fous main pirts: (1) =n insroductory message, (2) the se-
up praphics of the “sled machine,™ (3) the rotaiion of the
whesls in the slot machine, and (4) the determinaton of the
winnings and Iosses. The first and casiest part of the pro-
gram (o set up was the section which printed the introduc-
tory messages. [ couldn’ resist adding the CALL SCREEN
command and sprucing up the comments to make it more
aitracive {an lcast 1o me). I this instance, the lack of speed
for the HCHAR command was a benefit since it painted
the sereen at a leisurely-yer-pleasing pace. Before 1 was
through, 1 e code in this section for
aesthetic reasons.,

My real conversion problems began in the second see-
tion. There, | came face-to-face with the significant dif-
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Ferences in the way graphics arc landled by the two systems
In moving from a screen of 16 x 64 (o oneof 24% 28,1 had
to stop and develop a new oulline shape for the slot
machine—one that would fit the T1 sereen. Deciding Lhe
colars o be used in defining the outline of the machine and

the shapes to be matched {cherry, bar, bell. orange. leman) -

took extra fime, After some experimentation wsing dark blue
against a white background, the lemon became 3 lime (dark
green). To develop a new set of four c.aracters for the
arange, 1 experimented with CALL CHAR wntil the figure
finally looked like a circlz instcad of one of Dali's explod-
ed watthes. Since these isn't an orange color available, the
orange became a plum magenta). 1 was still a chasaeter
shors, 50 | used Use heart from the back of the user's manual.

En route 1o coding this part of the program, 1 had o
devise the shapes, assigning them to ane of the sixtecn
character scts. Twice, howewer, | made the mistake of tey-
ing to conserve memory by using one of the character sels
with pre-defined codes. This cawsed errors in the print
stalements using these codes. The mosal of 1hat expericnce:
Whenever passibie, sty away from the firt eight character
sets when defining new characters. [t took a whils to work
the kinks out of this section, but the addition of color made
a tremendous diffence, and | became hooked on TL
graphics. ('l pro¥ably never wen the TRS-80 version of
this program again),

At this point, | realized that virtually every line of the
original pregram had been rewritten in the move to the T1
machine. Since this was (o be an articie on propram con.
version, not programming, | ealled the editor m 99%r
Magazine to make sure | hadn't missed the point of the ar-
ticle, Gary, lrowever, wasn't surprised at all, and sntouraged
me 1o include suggestions on rewriting as well as conversion:

The third scction of this program was probably the
twughest o convert, | have been responsible for program-
ming and systems analysis for over ten years on a variety
of large computer systems. This has required cstablishing
structused programming standards for every program waih
which T work. Even though | had personally keved in the
slot machine progzam, 1 had forgotten how poorly it was
documented. This it nol a criticism of Ahl's book, but rather
4 realistic comsment on what you are likely to encountes

el Rt o ias.
peny

when eonverting @ program. After am hour of tracing
through a mare of B ut the benefi of a singie
comment, | decided on 4 tetal rewsie,

The TRS-80 version had the program descrmine the coor-
dinates of one of the nine open spois on the slet machine
and then perform a PRINT AT at the location. Using FOR-
NEXT loops, 1 was able 10 overprinit the e spois o give
the illusion of 4 rotaling machine wheel. By convesting the
PRINT AT commands to HCHAR calls and storing the
Tour codes for each shape in an array. | simulared this ac-
m on the T1-99/4. The graphies were fantastic (an un-
biased estimate), but the speed was disappointing. In the
BO version it was necessary 1o inserl dummy FOR-
NEXT loops (o slow down the rotation of the wheels; the
TE version, on the other Band, was too slow rigii. from ghe
start.

‘The single enhancement 1 had made to the TRS-80 ver-
sion was 1o have the wheels stop ane at a lise, 1o prevent
giving away the final result of the pull during retation, To
ket the wheels moving at a constant sneed pn the T1.99/4,
1 included dummy counting Ioops as cach wheel was
stopped. In spite of its lack of speed, the Fchness of the
T1-99/4 graphics made the TE BASIC program a more ap-
pealing simulation of real slot machine action than the
TRS-90 wersion.

To

An Example of Codo Translatlon
From TRS-80 BASIC to TI BASIC
120 FOR 11 =1 TO NI
130 IF 12{11)< >0 THEN PRINT “THIS ITEM
DROPPEDY;IDS: GOTO 160
140 IF K3 =KI$ THEN IF Cl(Il)=0 GOTO 160
ELSE C2=10*C1{11) + 200
150 DX = C3-C2
160 NEXT 11
Tromsates to;
120 FOR Il = | TO NI

134 GOTO 1

140 IF K$ < > K13 THEN 150,
142 1F CI(1) =0 THEN 160
144 C2 = W0CI(I 1) + 200

150 DX =C3-C2

160 NEXT 11
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iI the program you want to convert is a
mumber cruncher with a few praphics, the conversion should
g0 smoathly and result in a T1 BASIC program which runs
with speed reughly comparable to its TRS-80 cousin. But
if fhe program involves the heawy use of graphics, expest
to rewrite it And if the program = poorly decumented 1o
boot, keep a bottle af aspirin handy. Futherms
af the limitatiens of the TI BASIC 1F-TH)
the lack of & PRINT AT command you can expee! neariy
every converted program to increase in length. On the plus
side, however, the extended variable names avaitable i T1
BASIC make it possible to enhance the quality of the
documentation and strueture of the rowritten program.
One final note: T1's Extended DASIC Command Car.
tridge adds the PRINT AT and PRINT USING statements,
has the capability of controfling up to 28 moving ohjects
simultaneously, has improved IF-THEN-ELSE capability,
and supperts true subroutine definition {a significant aid
in structuting program:!. Although Extended BASIC pro-
bly won't alter the need for rewriting graphic prograr
it should make the job a lo easier. @
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Language Conversion:

APPLESOFT

fo
TI BASIC

RLEZ VOUS T T 2

e Apple 11 has also geierated its fair share of ap-
plications and games programs—mast of them tek-

advanzage of the Apple's olor graphics capability.
i 1his regared the Apple s more like the T1-89/4A than (e
alor TRS-80.

Tl APPLESOFT languige mu n.n about 29 nen-
1 wommands wiseh are iden TI BASIC. These
by, shown in Table b«.buvr c.mbecnruu withoul
el congem over compa

BE GO

()N GDSLI B SOF
TE]

LEN x I: 1 ‘Jov
LET STRS
L0 AN

i TOR.TO LOG 3N
LATA GOSUB  ONL.GOTO SN
hile 1
11 e remaining 26 of s commnds, the differences sange
& to major. Mast impertantly, the differences,
ugh slight in farmat or content, can catse major prob-
»in \Dﬂv:(lmg code. I'll go into cach command, show-
ook for and how 1o resolve difficulliss.
Commands
LESOFT uses three differens commands (LEFTS,
IS, wid RIGHTS) in place of the Ti's SEGS. The state-
wwnt LEFTS{AS N} references e finst N charagters of
wring A5, This diroatly ranslates o SEGS(AS, |, N).
MIDSIASMUN) Is the same as SEGS(ASM,N).
RizhiSIAS,N) reflerences the last N characters in string AS.
i bst wary 19 duplicase (his is 10 combine the LEN and
1L commands as lollews; SEGHAT,LENIAS) - N+ 1,4)
e VAL function acts ihe same way in both AP-
ESOFT and TI BASIC | the icd beng VALed is2 salid

g That s, both will retirm 43.2 as the value
1 the .u.ms daes not contain vatid numerie
unters, however, e results are very dilferent. T1 BASIC
stap the program if ihe field containy RoN-numeric
anters. APPLESOFT, however, will recurn with the
numeric equivilent of the pumbers found in the string before
he [ine non-umeric chatacicr. For exsmple VAL
nowith 123, 11 the fiest <ter of the.
APPLESOFT retisrns a 0.

portant because it means thin APPLESOFT

o ot have 10 edil a string prior 1o the VAL statement.
A typical program will have code cueh as.

Emerabs Ve Putéshng Co.

10 INPUT AS

20 X = VALIAS)

3017 X0 THEN 10
1've found rhat (n most cases, § can ignore the whole issue
by using Tt's buill-in numensc editor and coding INFUT
b place D[ Sty

VAL command:

10 FOR ¥ = | TO LEN (AS)
20 IF (ASCISEGYAS, Y, 1)) a8)
+ [ASC(SEGS(AS, ¥, 1) > 5T THEN 40
30 NEXT Y
0IF X -1 THEN 0

w Y W\usrc‘iu\i.\ Yn

70 GOTO

8O Y =0

90 END
Mote: This s nor & rigarous equivakent of APPLESOFT
VAL, bt it is sulTickont for whols sumbers greater than = 1.
FOR-TO-STEP-NEXT

In the usual run of programs, the FOR-TO-STEF stae-
ment s identical in Uhe two interpreters, There is, however,
a very significant difference 1o look out for, The BASIC
stutement FOR Z=3 TO 4 will cawcule oace in AP-
PLESOFT but will noi exceuic at all in TI BASIC! This
difference s importand bui can easily be spoued while
anscribing a program, 1t isn't so bvious if the satement
is FOR Z=A TO B where A and B are computed variables.
The safest thing s 16 Lest for A grester than D, 1Fit 5, make
B cqual 1 A before entering the loop,

Bosh interpreters treat the STEP statement the same way
and are very similar in the format of the NEXT statement—
though in APFLESOFT, NEXT may be used by uselfl to
end a single FOR loop. If the F ps are nested,
however, APPLESOFT needs the contsolvariable name
Fallowing NEXT. as docs T1 BASIC.
INPUT/QUTPUT (1/0)

Both machines use very si ENPUT and PRINT
statements. They differ anly in the wse of print separators.
Both use the comsna as a tab comn.and and the semicolon
s 2 non-space separator, APPLESOFT reserves the colon
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for a special vse and dooa't treat it as a new line separatar.
When converting, always keep this in mind because it pro-
vides & powerful formating ool when converting PRINT
statements. The TAB command is ssmilar in both inter-
precers. but TI machine tkips 10  new line if 8 TAD value
s less than the current column location. The APPLE will
ignore the TAB statement in this case,

As part of the prini function, APPLESOFT kas a com.-
mand of the format SPO(N). witich is ussct o print N spaces,
This mist be replaced with a string of M spaces in the T|
PRINT statement. APPLESOFT has 1o be very carelul with
spaces because it does not farmat a number with leading
and triling spaces the way T1 BASIC docs. This mezns that
it Is very rarc to sec something like PRINT 5K in
APPLESOFT—a perfectly accepeable command in T1 eode
sinee all numbers are peinted with a 1 space.

The APPLE 11 sereen starts off with the cursor ai the
1op and works its way down te the bottom before scralling
begins. The APPLE uses HTAB and VTAR statements (o
shift the print position horizontally and vertically i order
te print information at different Iocations on the screen.
T BASIC uses the colon, instead, to farce line Feeds. When
converting, either ehange the print format (o use line-feeds.
(eolons), or use HCHAR to print at an equivalent location.
Mote: T1 provides a full PRINT AT fusing HCHAR) routine
2 part of its Programuming Ads | package, but it is very
slow. In many cases (where serolling is acceptable), you are
better off setting up a sequence of PRINT commands us-
g the colon (PRINT :::z: o) 1F you must we the
HCHAR micthod of print out, here'sa routine to prist string
A% at rew RO, col~n CO. :

10 FOR X =1 TO LEN(AS)

20 CALL HCHAR

(ROCO + X~ 1, ASCSEGS(AS, X.1)}}

30 NEXT X
This routine is much faster but requires you to remember
to begin a1 eslumn 3 {where TI BASIC begins iss PRINT
line) and not to allow AS to extend past eslumn 30 (where
T ends its PRINT ling).

The prompt for APPLESOFT input is the same as for
Ti BASIC except that it uses a semitalon in place of the
eolon 10 separate the prompt from the input variable, For
example;

10 “ENTER A NUMBER™0

Vs

10 "ENTER A NUMBER":Q

The last FAD difference concerns petting a single chaacter
without using the INPUT statement: APPLE wses the GET
statement, while T1 wses the CALL KEY statement.

SCREEN COMMANDS

The APPLE has three i Jes of processing: Tent mode
and two diffesent graphics modes, While in Text mode, the
programmer has a number of commands which provide a
~ide range of eontrol over the screen. The APPLE sereen,
in this made, acts like the Tl—encept it stams at the top
and works its way down (o the baom before scrolling, [t
also allows the programmer to set the width of the print
sereen {**text window™') and the length {number of lines)
of the text window, among other things, Seme of the mrst
commenly encountered commansds are:
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CALL -936  Clears the sereen inside the test window

CALL ~912 Scralls the text window up | line

CALL —-868 Clears the cusrent fine from the cursar
10 che right

HOME Same us T's CALL CLEAR

POKE 33.L  Seis [eft margin of window to L

POKE 3L,W  Seis width of window

POKE 34T Scis top of window

POKE 3,B  Seis bottom of sereen

FLASH Stares *Nashing’ output from white Jot.
1ers on Black ta black letters on white
and back apain

INVERSE  Reverses outgun [0 black letrers on white

NORMAL  Rewts FLASH and INVERSE

POS(N) Giets current horizontal columa of the
cursor E.e., N will have column Aumber
039}

To simulate FLASH or INVERSE, use TI HASIC's CALL
COLOR statement. For Example, CALL COLOR (3,16,2)
gives white mumbers from 010 7 on 3 black background.
Changing this 1o CALL COLOR (3.2, 16) will cause the in-
verse of it to appear (black numibers on & white background),
RANDOM NUMBERS

Because APFLESOFT has the ability 10 retain a random
number for re-use, yau canned always convert the APPLE
RND <tatement dirextly to T In APPLESOF
- RNDIO. APPLESOFT reuses s
number. If the s ~rement is RNDIN) where N is 5
2 gives & new random numsber, 1 the statement is RNDIN
where N is 1 negative numibcr, N 2icts 43 a *sced” number,
and all ather RND statements will follow 3 standasd se.
quence. Note that the valise N can be any pesitive number
in order to give 3 pow random numbes,

11 you see a siatement wsing RN, backirack to the
last statement with RND(N) and save that randorn number
in place of RND{W). For example:

10IF BNDNZI <5 THEN 500

&0 RND{DY < 75 TiiEN 600

LESOTT would convert in T1 BASIC to;
10 Qe KND

15 1F Q=3 THEN 500

60 1F Q35 THEN 500

MUL LINES
A key point about APPLESOFT that | havea's yet men-
tiomed is that it allows multiple staternente on e propeam

line. Each statement is separated by a colon. This aliows
code like!
WO XNaXNe VY YV iZaZa]
Tramslating multistaiement lines €an be a hig problem
Because there may ol be avallable line i bers 1o assign
to the converted siatement lines. F mple:
200 A = A+ 1L:FOR [ =1 TO X NEXT 1
401 GOSUR 03
402 RETURN
A0} REM
4 GOSUB fo0
405 A~ A 10
#06 RETURN
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The problen here is tha there is 130 FOOM 10 separare the
smultiphe Marenments on line S0,

VO can pet arand this by using 4 line number rransla.
plying all ine muiibery by 10 allows you spuce
hart dhe €M hine of code. The tramstited ode js
s

A=A
ST FOR =t Tar X
A B oA
AR NEXT |
0 GOSUG anzg
20 RETURN
M REA]
AL GOSUE G
M A=A 10
0idh RETURN
IFTHEN-ELSE
A OFT does not require gh are of an
e Because it aliows oiher siarcments after the
LN pard of the 1F satanent, 13 in the il
HEN X

WIFA=XT ThY =Yl

Program
BASIC equiva
5 ELSE 20

ks multiphe statcments per b

s much more coding and 8 concurrent increase in
e for vode, Kevp thia in niind if you or

*prowmeam jequiting 16K RAM

Probably woa't 1 ne. (OF
¢ 11 Entended BASIC, all this'hs mags,
Hows muliiple staterent

D-ED IS EXTENDED

DrEssions 1o be used as
1t they were numenss values, APPLESOFT trears true en.
hey e equal 1o 1, w
10 0. For TI BASIC true oits are — |, false
MWhencwr convening vode fron: APPLESOFT, just
1T @ %= in from of the loglcal expression:
10X = (05 = A a5
v
10X — = A5
AXDVOR
APPLESOR

iphe T 1¢ats o b unbingd us-
' ND and OR. T BASIC also

s 1his using hy A+ arithmetic operatags,
ropetively, For exaiple;

10 IE (A = M) AND (0= D) THEN X = X 4 |
ced with
(A = BYy(Cn DY THEN |5 ELSE. |,

+1

s e cases, 4 straight coiversion of dhe APPLESOFT

FHEN will result in wasteful conde, It s ilhways 2 good
tstand Lae purpone of the tests Being made, and
+ revade them more efficiently. For example:

1 passibl;
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B IF A = By AND (C=D) THEN X=X4+1
0¥=Ye1

would convert o:
10 IF (A =g - oy THEN 15 ELSE 30
X=X+

W Y=Y
Bt it would ke less code (and therefore Jess corel) to in-
vert the tea:

10 1F (A< >BI+(C< > D) THEN 20

15 XmX+1

AL FUNCTIONS

e ngrpeeter has special functions oriented toward the
Manufaurer’s hardware, Some of these are si
spmetions availble in  different computer. 1 will only
the ones most commonly see jn APPLESOFT programs,
CLEAR Fritinlizes 4l variables. Awomaically
done by T! BASIC as part of RUN
Sets Righest and lowest memory
svailable to BASIC. No equivalent in

1 BASIC.

-3
g

FREw)y
POLNy

s Amount of available memory feft,
TS joytick inpan. In T1 BASIC,
usw CALL JOYST instcad, The PDL
funcrion returns with values from g (o
55, 11 the value of N'is 0 10 3, you
e refercicing she joysiicks, but valucs
Trem 4 1o 255 can do weied things,
Luckily, the APPLE joysiicks don't
sevm Lo be used much. Also, the anly
fest for the *FIRE® bunons is
— V6287 througl
Ki— 16284) for paddties o thru 3
rop Cancels the las GOSLY This is mos-
Iy used i e subroutines where an
EITOF Causes the progam to go 1o an
crrar routing instesd of RETUR Ning.
The anly way tr. code an equivalent in
Ti BASIC i ro have the edit routine
coded in an errar swirch which is inter-
fugalv! as soon a5 the subroutine
RETURNs_

ON ERR
RESUME This tells APPLESOFT 10 GOTO 4
PaiL of the progeam if it encouners
certuin ervors while peocessing, In T§
BASIC, any crrors are sither handicd
by the BASIC interpeerer (e.g..
dividing by zera), or cause the pro-
BN 16 ¢id (<., reading past the as
DATA statement). The ON ERR iy
st often used 10 wap an ersor cx.,
pectad by, or consciausly caused by
1he programme
USREX) Jump o o mag
subsouting,

s languape

As you can see freo |
from APPLESOFT 1o

Most Empoctanily, don & frustrated if your firs attempes.
o't succeed the way you intended. Afler while, it will
Al becorne socond namire. @
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The Secret of

Personal Record Keeping:

Implementing

- DISPLAY AT
and

ACCEPT AT
Without Extended BASIC

Features of the TI-99/4 that are not desen
anywhere but which are nenctheless quite hielpful. 1
did. . and wehat fappily resulted vis o way (0 quickly print
fext 10 and accept it fram anywhere on the screen without
hiaving to pass through loops or causing the soreen to sgrall,
Thesz of you with Extended BASIC already have this
capability with the DISPLAY AT and ACCEPT AT
it Tits. Now you can have these pawsrful [éfiures in
T1BASIC (the language buill into the T1.99/4 and fITETY
computers), provided the Personial Recard Keeping Com.
mand Cartridge s inserted. This cartridge, which s quiie
powerful and versatile [n itself, will interfnce with the caa-

S ome of you may have accidentally stumbled vpon

mation on tse PRK cartridge. Those of you without the PRA
cartridge but who bappen 1o have the Statistics cartridge
sheuld be able to wse that insead —Eq.
fare petting into the documentation, | should, of
course, mentlon that You can also print anywhere on 1he
sereen without CALL D by handiing the printing character
by ehiaracter using the subrowtine given in the examples in
Your meanuals, .., “Characier Defiition.” The draw hacks
of that method include fack of speed (the lerrers nppear one
by one), more cumbessame programming and monc
memary space taken v
1. DISPLAY AT ~ pumerical data
CALL D (R, C, L, ¥
R = row number of first chavacter of pri
C = column pumber of ficst character of print ling
L = maximum length of print line; must be 5 = |
¥ = variable or the value that is to be printed
F/C— The Riow) and Clolumn} vasiblcs are meaningful
with values between | and 24, and 1 and 28, respec-
tively (the print field 24 x 26 is used). Values below
the minimum of | {0 and segative numbers) arc
Areated as the value . Values above the masimum

T8 mhesutor e vonme 1

(24 or 28) are automatically subtracted as many
fimes s is required {0 bring the result betwsen |
and 24 ot 28 this resull is then used as the K and
C valu. This is a nkoe feature that eliminates many
program hals of *BAD VALUE" that often result
Trom careless programming. Data at the cnd of the
sereen line is not peinted a1 the beginning of the
Aex! screen row as is the case with the CALL
HCHAR statement,

L~ The L. position can be used with a fised number
dthe maximum meaningful number is 28) or a5 4
vagiable to which 1he fusction s be assigaed in
numerical Fori, bke SEGS in sirings,

V— Instead of & umerieal varinble, you can alo pus
& number in 1his position; it will then be printed
0f the sereen in a position according to the rules
above.

e 1
11 CALL CLEAR

i V = 326528 :

120 CALL DYI2, 10, 3, V)

130 GOTO 130
OF course you can explain why this program displays osily
3263 in the middle of the screen, fRemember that a sign—
equivalént to a digit—precedes cach nurber, and that plus
S8Ns Are suppressed on printing.) How would you have 1
change line 120 10 give ihe full 3265257

2. DISPLAY AT - string data

Version 1: CALL DIR, €, L, 55)

Versian 2: CALL [XR, C, L. ("PAUL W. KARIS™)
Version J; CALL D{R. C. L, Ct TRI(N)

The varinbles R, €, and L work as described previously
urder section 1, above.
Here expecially, L ean be put o good use as a bus

SEGE,
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arsian 1: the string variables 85 is printed

“ion 2: the string between quolss is prinied

srsion 3: @ complicated way of saying CALL HCHAR(R,
_ Ny that is merely mentioned here as illustration of the
wm-ma

luu CALI. CLEA

110 A5 =~THIS 1‘5 MID-5CREEN"

120 CALL DUI2, 4, 1%, AS)

130 GOTO 130

ACCEPT AT - numerical data

The ACCEFT AT statement works like INPUT but can
- furmasted anywhere on the screen, The input prompl can
- printed in the appropriate placs with the technigue of
<tion 2, above. The buitt-in value chocks are an additional
ature.
ALL AR, C, L, F, A, MN, MX)

€, and L have been explained in section 1

function variable

= accept varible
N = minimum value
X = maximum value

F— The numerical variable in this positien assumes a
valug 1-7 depending on cenain function keys be-
ing depressed. The values conneesed (o thess func-
tions in this way should not be cunfused with the
ASCI values of these functions Lt can be userul
in CALL KEY statements. For completeness, I'll
also tabulate the ASCII values here,

CALL A value
Function Key IF pastion) | ASC!I value

T1A9MA T189/4
ECTH & & kT
FCTH 8 . &
SCTH T an a 1
FETH 8 BHIET T = 0 T 5
FETH 4 BHIFT © ~ CLEAR 2 2z
FETH B SWIFT ¥ = PROCT h 1z

ATE 1 13

CLEAR will not only give F a value of 2, but it
alse clears the input printing field an the screen and
is 10 be used when typed input is not yer emtered
and shouk! be changed. Warning: This means tha
if you write & progiam that continually laops to
a CALL A staiement, CLEAR cannot be used 1o
break the program. Only QUIT or cutting the
power will work then, but il will als erase your
progrim in the process! The solution 16 this prob-
Jem §5 10 PIOTAM YOur €scape rouling, e.g., 1F
F=3 THEN 1000 enabling you 10 use AL o
‘bring the peogram 10 line L0000 which reads: 10000
END.

A— The variable in Lhe position of A assumes [accepis)
the value you typed in much in the same way as
the input variable does after you depress ENTER.
“The F variable, of course, then gets the value | since
you have used the funciion key ENTER. If you
press ENTER when the print/finput field contains
0 information (anty “space™), Fwill take on the

a4 © I7B] Emara vasy Mkt Ca

walue in the above table if one of the funetion keys
has previously been pushed.

The numbers of the values of the numerical
MX— variables inthe positions MN and MX respectively
leer be minimum and masimem values that
A will accept. A gentle beep when you press the
ENTER warns you if you try to step beyond these
impased limits, The screen, of course, will accept
any numerical data, previded that the leagth does
ot exeeed Lie ., i L= 2 and MX = 10000 you stll
cannat et A (0 become more than 99 sinee the
screen will ot aceept more tsaa 2 dighs). Since the
plus and mins signs (+ and = ) as well as the Jet-
ter E fseicnnfic notation) are al considersd 1o be
numerkcal put, they will alse be nccepled. String
data, however, ure net geecpied by the sereen m
il when you use CALL A in this way.
LF MIN = MX, A will sespt only the MM and the MX value.
If MN = MX, A shoulda't acceps any value at all, but il-
logically, it does accept the MN value.
Example 3
100 CALL CLEAR
110 CALL D§3, 3, 28, “ENTER 1, 2. OR 3")
l‘u(‘f\ll.mu 13 1E B2 1)

160 CALL D(15, 3, 28, “YOUR CHOICE WAS™)
170 CALL D15, 20, 2, B)
180 FOR T=1 TO $00

200 GOTD

4. ACCEPT AT —
CALL AR, T, L,
K, C, and L are explained in section 1.
¥ is explained in seetion 3,
AS = accept string variable,
A5 The variable in the AS position is filled with the
Lypeed siriang informaion when you press ENTER.
Example 4
100 CALL CLEAR
FLEASE ENTER YOUR MAME™
)

170 CALL D3, 2, 21
180 FOR T=1T0 500
190 NE
200 GOTO 100

Mow you're on your awn: 1t's your tum to apply these

two new commands and, perhaps, discover some additional
anes.

“THANKS " & N§)

[Mote: Ln the cvent that Texas Instrunents gets away from
producing “hybrid”* Command Cartridges (conaiming both
BASIC and GPL coding), future releases of Personal
Revord Keeping will not affer the capabilitics deseribed in
this arcle, —Ed.]
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ould you appreciaie being able (o write shorter
: memrm that effectively do the same thing a
o

longer ones? Or, would you
computer do 2 large amount of (he Ledion
designing, defining and seiecling of doe:
charaeters—work thal yeu would other
yoursell? I your answer 10 bath of these question
read o, fellow 99'cr.

The scheme used in the TI997AA o seprecnt sereen
eharacter palterns with hesadecimal rombers is compact and
convenient nious really. It compact becawse only 16
digits usiguacly specify the on-af states ol ihe 64 pivels in
cach 8 x 8 pixel characier block. Such a system is nly
maore satisfactary than display systems that peavide oy a
small selection of predefined characters. 11's conveniant
because the programming requifes omly simple siatcments
of the forar:

CALL CHARILIK, DIZH6TRALC DR}
to define any § ¢ 8 character imaginable, Likewise the
statement;

CALL HCHARROW,COLUMN, 1K REFEAT)

Wil put charadter LIK anywhere on the screen. Afler a brict
period, one is able 1o work intuitively, giving linle conseiows
thought to the format,

v walching e
and boring
of praphics

78 The Bestof 99'er VoL 1

el even wi

s system, there remains a considerable
Aot of tedious work to be dane becaise every character
we want on (e sercen (heyond the resident alphabet, eic.)
#must be defined ard must be located. Doing Shis fer many
characiers c1a mean ots of work, ay in Figure |, where @
raphic exczupying less than half the screen contatis 33 dit-
Ferent eharctrs. All 64 user-definable characiors would use
up 64 bincs o code jus, - define: if resident characters were
redefincd. we condd chd up having in memory a hundred
ar so prograny lines devoigd b this ong purpose.

In addition, there i the wear and tear on the program.-
mer, He et his cars burned if ke leaves out one of those
quote marks. Additional possibilities for errors include leav-
IBE QUL A commil of parenthesic of, worse, having a patican

ing wilh mere oc less than 16 mambers, or ine
ing in o nobexadecimal symibol, st ype
LU UD123456789

i four or five domen CALL CHARQTK,
ABCDEF) sta

statem
sase of baredum, Such static delnition—
line for cvery new character and the resulting long list of
CALL CIIAR statements—is & It of trouble and a source
of error.

1118 also umnecessary. A little cxperimenting will show
1hak we can define scrcen chircters with daia sateasents
and a loop. Only a single CALL CHAR statement nesd he

Cooprighs £ 1983 Evers

ey Pbiabing G




sped in and earriad in memory. Such a merhod was used
1the program wlich draws Figure 1. The program is given
. The henade i

raring at line 270, The loop stariing ar line +\n;uu> a
ara statement and purs the hexadevimal steing it has
L up into 8 CALL CHAR staternent. Thus the defininon
st off 10 yraphic mennory where it <an be wsed or

progrum a5 many tines as nesded. |n this progr:

Seh da1h Hiry eumtios e e
hat i happening o the screen, d
iins three idcms. idﬂlkllrl[.k\lﬂ!\ \{!ins, char:
nd patern-identificr string. On ihe nest pass through the
10p, anather hexadecimal steing is picked up and put in
e CALL CHAR statement, Thus another defined sereen
haragter is sent off to memory.

After the program has cycled (he last time through the
sop, all the screen characters descoibed in the data
{atements are in memory. They are now available using
"ALL HCHAR of CALL VCHAR statements just as if
¢ program hadt run through dozens of CALL CHAR lines,
et proaraid lines have Been wsed. the possibility of er-

uced, andd life Bas been made much easier for the
e

I similar munner, characters are localed on Uhe scre
«ginting at line 740. For this application the data entrics
wave the farm: identification siring, rew aumber, calumn
wimber, character nusmber, The ientification steing serves
nly a8 documentation. The loap at line S0 puts this in-
ammation ina CALL HCHAR stateaset which then sends
+ 0T to the video display processor. Al characiers will now
ppest on the sereen ar their assigned locations. OF course,
he information we have in dua staements could also be
tored on a floppy disk. .

Dynamically delining charnsters und putting then on the
sreen with data statements and Yoops (1} saves program
nd effon, (2) reduces errors, and (3) can make a progr;
ey e I documentatlon s auded. ATthough for
1is program no special attempe has been made to reduce
1¢ memory required, th i
auld be packed tighter by amitting identifieation, Also, we
suld incorporate the pumber of repetitions in the data
atements.

Anther opporinity For makiog characier definition and
placement a part of program dynaniics occurs in plaiting
bar geagla. Bar graphs arca frequent application for conte

. et |m,- Iodk mnm an the colar monitas.
plat o bar (¥ characters
vogh by st s CALL \EHJ\R(ROW COLUMN, LK
Y0 Bar the reselution will be very poor because we can

i i increnvents of oaly one full chasacter,
about 178 of an inch on the 13+inch manitor. Ideally
we'd have a continuously djustabie bar Leight, bul this in-
finits resolution cannct be realired with raster-stan systems,
We gan, howsver, get resolution equal to the pised height.
Toward this end we will define eight screen characiers as
showes i Figure 2. The firs charscier has the battam row
of pinels turived on, the next one has the bottom two rows
turned on, e, The elghth character has all pixels luned on,

These characters ase then used as bar tops. Stick the right
ane en fop of your bar graph and you have resolumtion of
aate pine] (which is 18 of a characicrl—quite satisfaciary
with existing CRT's. On the 13-inch moniter this height ine
crement bs about /64 of an inch.

The progra in Listing 2, far-Topper,which uses this
method, plots the bar graph in Figure 3. The characters
available for use as bar Lops ase defined beginning at linc
260, Scale of | characier = 10 unils is applicd 10 the valsc
entezed ai ihe keyboard swning at line 700, The integral
value of ¥ i fauncd and the recmainder used 1o sslect the
Bar top charnaer needed. The actual selection is done by
the ON GOTO statement a line 780,

This prograim does work, bul represents a brute foree ap-
proach. 1f there is oaly one bar on Lhe graph, then only one
character will be usad a1 the bar top. Yet cight bar-lop
chiracigrs have been dellned and are sitting in memory, To
take an extreme case, suppose we have [our variables (o be
represented by Tour bars of different colors, Here, 3%
chasacters st be defined and available for we as bar wps,
yet caly four bar-top chasacters will actually be used. Besides
taking up memory, we have used hatl of the ussr-delined
characters. Thes approach i ul. Why define characters
that sit in memary but are never used?

Let's bry 4 beiter iden by devising n prograns that defines
bar-iop charagters after neading the data. Then it can define
oniy et

we will hi

teen zeros and sisteen F's.

lurng caun b taken Sram this master sering with a

fcnt. Nex, the sewment can be wsed as the pattern-identifier

subig and put ina CALL CHAR stuement 10.define 3 bar

top. Where will these |6-spice segments sart? Well, the data

cait cause a.charctes with the first raw of pixels turned on

to be defined, or & characier with the sccond row tured

on, cic.

A possible cosling to do this might be as follows:

THE MASTERS » “OO0UCU00000GT FY FREFFFFEFFFFF

115 REMAINDER = BARMEIGH' I' - mr

138 TOPPATTLEN < INFREMATNDER

10 STARTROSITION £ 51 OHOATTERM -

YDI’I"A‘I'[LRN!A SEGSIMASTERS STARTPOSITION, L6}

15 AR TOPPATIERNS)

160 CALL HEHARGH Y taot 3y

Herethe 20 in 21 - ¥ allaws the bar 10 be up o 20 rews high.
uppose, for example, that data calls for a bar top with

the boiom 1w rows turned on. Then TOPPATTERN will

s 1

BEE
oo
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be 2. Then STARTPOSITION = 3. Then the pattern-
Sdentifier uiring created in fine 140 will be

TOPPATTERNS = "000000X000FFFE"

(n you can sec, if you will take the trouble 1o count this

off, starting at the third position in the master string). The
resilting sereen character that is defised in finc 150 will be
one with the bottem two rows of pixels turned on, As the
Program Funs, we want each datum to determine where the
16-space segment will begin. Thus we have wsed the re.

‘mainder o calculate STARTPOSITION. By folching back
and forth with STARTPOSITION, m: routine will defing
any charactes nesded 10 top off o

‘With this particular routine |'h<r=v-||i bea lI:m: problem
associated wlihmundm;uu to the next hi rid line on
the next higher row., For instance, if the quv used s 1
character = 10 nnits, we world want 99.9 1o appear on the
graph as 100, Anather problem {1 dida't say this was oo

simple} Invodva the character Lo be used for the body of
the bar. This character must have all pixels turned on, but
ave will not create such a character for al
values of the data set,

Auto-Top, a program in which these problems ase solv.
ed, is given in Listing 3. A routine similar to the one above
stanis oa line 750, Character 96, which is wsed for the body
of the bar, is defined earlier in the program. Note that this
mastet steing eontains 18 Fs. (If you ry this program, you
‘had better count them carefully.) TOPPATTERN = 9 will
pick up the extra F's at the 17th and 18ih positions.

“The problem of rounding up 1o the next higher prid line
{50 99.9 will show up as 100 as in the carlier example) is
taken care of in lines 20 and 30 where 3 one-row-n
character s defined and put on mz very {op of the bar if,

H llld only if, TOPPATTERN =

W

only anc bar is un( very useful. We can
meﬂleaﬂdumai'bm with & leep, The rewine in Listing
three bars of different colors. See line
sm. er et moniter displays a lot of spillover with
h red, There s | illover with
Iis'hl or medium gre green of blue, and with white and yellow.)
As the Joops runs, it will shifl to succeeding color sels with
the expression 6%+ BAR*S as can be deduced by consider.
ing the
CALL CHAR(NY9 4 BAR 'S TOPPATTERMS).
‘When BAR = 1, this statement defines character 97; when
nnlt-z,chmlus and when BAR =3, character 113,
The first character is in color sei 9, the second in color set
1o, umh: third in color set 11, allowing for thres bars of
il fm eolors,
The position of the bars is shifted by the expression,

11 +3=16 i the position of the left edee of the first bar,
_and the left edges of all bars are § columns apart. These

L

bars are thee columns wide. Figure 4 shows this praph as
on the | h moniter.

“This program and the carlier ones here might be a finle
Tonger than if they were written in the standard way.,
However, they will not get much longer (f the praphics are
‘made more eiaborate. For example, the bar praph program
does not get much longer if more bars are added.

B0 1The Bosc of 59

The bar praph in Figure * was made using (hese toch-
niques. 1 present it here just 1o shaw ofl the kind of
poodloaking, m,-'uu that can be made with the T1-99/4A
and TI BASIC. This Py ~~with its outlining and the
fact that it reads and writes data For elght variabies from
files and caiculates items such as percentages—is more in-
valved than the listing given here.

Thits brings up a new problem that has been created; In
many of my progrars [ run ol of characters. [ did not
rotice this limitation when 1 was typing in 5o many CALL

 CALL }[E_!IAR. and CALL YCHAR stalements.
Actually wiien you think about i, there are not very Fany
eharacters. :w'ulable Il')uu start at the left of the screen
and put a different character in cach space, you will run
ol of charncters in the fifth line if you include punciua
tsom, number, the alphaber, and the dpht user.definable sets.

In other words, il takes + - about 17% of the screen
1o display all available characters, Mathematically, we arc
ol about o run el of chi ors simet there are 256 dif-
Ferent ways egether just one row of a characer. And
the number racters (hat can be on the sereen in Lhis
graphic mode is 24 rows of 32 columns = 768 spaces.

Sinee me- wterest is primarily in graphics, available user-
deflinable charasiers are moee important to me than
memory. Meanezy probleas can often be avoided. To put
# uniaue characler on every space on the screen would re-
suire 43 characicr scts—several times mare than any home
computer presently has. | do mot know if this is
sfeasonable, Two years ago the idea of a 45K memory
sounded wrreasonable, Perhaps some computer architee
will devise & method of going to 4 higher resolution with
mested character sets. [For a discussion of the high-resalution
bit-mapged graphics supported by the TI9/4A, see 3 - D
Animation with the TMSPIEA Video Chip, " —[d.]

Finally, note that for some applics* 25 it can be uscful
o define randem graphics characters. This process,
however, really cats v character scts. In Listing 3, Twinkfe,
random characicss are defined that also have & certain
ameuns of shape. Line 240 of this code peneraies sndom
numbers fram | fo 16, and lines 480 (0 620 convert them
to hexadecirn " otation 0,1,2,3,4,5.6,7.8,%, A, B.C.D.EF.
These nuimbers are assembled (1o a 16space sising. This
hexadeckinal string then goes imo a CALL CHAR state-
ment i define 3 random graphie characher.

Shape is foreed on the charakter in lines 280 to 470 by
rejecting certain numbers generated by the randor number
generatar, In this pasticular application, the edges of the
characters are *“rounded off" 50 they will not appear square.

1 use such random-pattersed screen charactess 1o 16flen
up the eddges of my “block praphics” desizns, (* Blockhead
peaphici?™) Anather 1o ereate dramatic ef-
fects as is done in Twinkle given in Listing

1 also e random characlers to induce variations on
things that, 85 in nature, change with time-shadows or ex.

ions, for instance. Some viden games could undoubtedly
profit from tiis rechnigue. | et a Tiztle tired of aliens that
always biow up the sme way. Hiem—come to think of it,
there is that video game with the pigeon in it . , .
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How to Write A BASIC Program

a?_'j - That Writes BASIC Programs

| PART 1:

A SURPRISING DISCOVERY
ITH TI"

PROGRAMMING AIDS [II

Programming Aids 111 opens the door Lo some
powerful progeamming techniques, The Cross
Reference und Editor capabilities of this softwase will

be appreviated by the serious Extended BASIC progr

But the exciement really begins when you realize how
saftware does its thing.

PA I can provide (1) a tabular, line-aumber cross
sefszence for all variabls, amays, keywosds, functions, and
line-number relerences in a program and (2) the ability 1o
debete, move, oF revegence specified grougs of lines within
& program mich more quickly than could be done masually
i the keyboard

Required Hardware .
Programming Aids 11 is a set of four Extended 1ASIC
peogramd (LINPUT, CREF, CREFPRINT, and EDITOR)
avalable on disk at a supgesied retail price of 31995, n
dition o4 disk controller, disk drive, and the Extended
d nd Cariidge, a printer is 3 practical nevessi-
iy either the T1 Thermal Printer or an RS232-comparible
prinker be used. In Fact, there is no provision for screen
display of the output from the Cioss Reference procedure
1l ase the incxpensive * Paper-and-Pencil Priner,” however,
and so modified the CREFPRINT progran: o display 1he
cruss reference table on the sereen, using 1be crude SHIFT
{1 CONTINUE method 1o stop ard start the output, Thess
kgl are given at the end of this chapter.)

EDITOR

The EDITOR program makes possble virtually any
desired modification of line numbers in 8 BASIC or Ex.
wnsed BASIC Program, Herctofore, the only way 1o rese.
QUENCe & program wis t0 use the RESEQUENCE (RES)
command, which affeces all line nunzbers within o program.
By contrast, EDITOR allows one 10 resequence specified
sextions of a program without affecting others,

11, for instance, you have numberad subrotine statemens
in & manser which is casy 1o remember {1000, 2000, 1000,
“fc), ¥ou can retain this numbering and “open up 4
arévigus pan of the program for insertion of @ Jitional
lnes. An even more wseful application would be the rear-
sangement of sections of BASIC code. Suppose, for exam-
e, you want 10 merge several programs, each of which von-
ains subroutines. Without EDITOR, you would be faced

“—smmghe € 1981 imarads Wiy Pusishing Co
-

with the time-consuming chore of moving all subrowtines.
10 the end of ihe merped program. With EDITOR, this
cedure can be completed very simply and guickly by re-
numbering 1l subsoctine lines.

inaly, the EDITOR program allows déletion of scctions

C cgde, 11 you want 10 get a subroutine out of one
program Lo 1g in another, it's no problem.
How EDITOR Works

I you are wondering how a BASIC program can alter
another BASIC program, be sasured that it's not dene with
mirrors. It is o relatively simple procedure which an
with Extended BASIC can use 10 write all custom wiility
prosims and cven RASIC programs which write other
BASIC programs!

‘The tecknique is based upon what happens 1o & program
when it i saved with the MERGE option (see pp.122:3 of
the Tl Eviended BASIC maauad). If you have cver cataloged
& disk containing a fite saved with ihe MERGE option, you
may have poteed that, unlike an ordinary program which
carries the Type descriprion PROGRAM, 8 program saved
with MERGE is actually a data file consisting of display
code with variable lengal recores having a maximum length
af 163 bytes. A BASIC program can mecess this sequential
file like any other file.

In additicn 10 creating a data
with MERGE makes two other

form, savi gram
important changes. First,

the order of progsun lines corresponds to the order of pre-
gram line nmbers. {By contrast, when a program ks saved
the file s a program memory image, and

withow MERG

the content of cac
Allnon-essen armadion is defetad in 3 coding process.
When a program saved with the MERGE option s loaded
i1 meanory with the MERGE Comnand and LISTed (see
TI Exterded BASIC Manual, page 114), the coding pro-
eess s reversedd and each program s reconsteueted.

n order 10 understand how s EDITOR program works,
it i necsssary 10 know haw line numbers are represented
in eondensed format, The fint twa bytes of cach record con-
sain the line oumber epresemied in ASCH code. Table 1
shows how the line numbers “BO™ and “9020" are
represented in ASCI characters. Stasting with the Jine
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number 80, the first step involves representing The Base 19
number in binary. Two bytes (8 biss each) are availablc for
this Next, ihe base of exch
byte s determined and the corresponding ASCIL symbal
produced. In this emse, the character with an ASCH code
of 80)is “P". Applying this process to the number 9020 gives
1he ASCIL representation "4 <"

Taten 1
ASCINEadiag o4 Lins Misssomny

l
|
i
|
!

Topin
sampte Crom Welerenee Duigur

e a1

PRCGA AN LN [MA)

o nnars

-

maze rumecTiou
*

repm—
=

In condensed code format, when the lefl-most bit of 4
Byte is “on," ihe software which 4 program

is writien as the la rocard on the new fite. Afier initializ-
iniz prograrm memory with the NEW command, all you noed
10 v it foad the new file itk the MERGE command, The
progran will then be reconsructed and can be SAVI
thefusual way.

CHROSS RE CE

he remaining three programs (LINPUT, CREF, and
CREFPRINT) are uted {0 produce a complele labulation
of 4l lines in which each vasiable, array keyword, lunction,
and line aumber reference cocurs. Ad idependent tbula-
tiof is provided for each subprogram. The cross reference
tabie will pive you detailed documentatinn for use in pro-
o
in

i developmient, and would also seem 10 be a useful tool
nalyzing a poorly documentsd program. {See Table 2)
s in (he case of the EDITOR program, the fiast s(cp
pives saving the program to be cross referenced by u
ihe MERGE option. The LINFUT program eofive *
DISPLAY records of the merged fibe to INTERN. .
cppecsumably o speed subscuint exscution. The GREF
ygram then reads in cach record of the file and analyzes
eats For the presence of all keywords, functions, eic..
ch eceur in T1 Extended BASIC, as well as in the user's
“vasiable names, asrays, line refucnees, and subprograms.
The output, a list of the line numbers in which each ele-
smcn s (ownsd, is written to a disk file. The file is then printed
by the CREFPRINT program.

The instructions recommend that the CRET program be
un in T1 BASIC, rather than Extended BASIC. o speet
execution, Even with this advansags, however, the cross
referencing of a largs program should be planned so that
vou can be doing something else=like taking 2 trip to
Switarriand. Actually, it doesn't take quite that loag: Cross-

P TEEN

from the code is signaked that some special action will be
required in the reconstruction process. In the case of line
mumbers, this principle applies to the first bit of the first
of the two line-number bytes. When all bits except the belt-
most ane are “on” in both byies, the number represented
in base 10 is 32767 (in binar
highest ailowabie line number in a program. Wiien
mast bit &5 added, the (wobyte combination beeomes an
end-olfile mark. Thus the first two bytes of the Iast con-
densed format secord must be CHR$2S5)&CHRE2IS),
equivalent to 65535 in base 10,

With this informasion, you shoult be able 10 understand
|h=u\e opemmonm- EDITOR program. Tl program
10 be ediic.d i first saved with the MERGE optien. and then
the :mmn pragram is loadze and . Upon entry of
the “OLD" command provided, EDITOR inputs each
record in the condensed format fike and conuructs (ke line
number from the ASCI codes of the first twe bytes. Pro-
‘gram line numbers thus sbtained are stored in an array, with
urm' pasition correspondang te record number, After the

has altered these numbers using the DEL
prf IESEQIJENCE(RFS ) commnds provided,
command iniliates the peocess in which allered numbers are
reassigned 1o records in the file. As cach recosd 8 read 3
second time, the corresponding ling number in the array &s
translated into two ASCIH characters which are substituied
for those on the recand, and the acw record s written 1o
- a new file (after making the necessary changes (o any line
ﬂm} At the end of this process, the end-of-file mark
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sencintg A peogram of (210 ines) lakes 35
mifastes.

HOW CREF Works.

Although a detailed anzlysis of the cross reference pres-
gram is beyond the seope of this article, peneralization
the psinciples invobved presumes an undersianding of the
strueture of condrnsed code. As measioned previousty, the
method wsed 1o signal (he reconstruction snftware that it

* i condensed code comsist ef a single byte.
‘When the :cﬂ-muw hit is “on™ {i.c., I0000000) the base 10
representat 328, Insructions thus begin with the
number le o 129

ASCIE #vic codes used by the reconstrustion software (o
pencrate BASIC keywords, puncluation, cic., ore
(!aml:uable with the program Condensed Foi il Code

Table. This program generates a file called
DSK1FILENAME which is in candensed format. Each
redoed I the Tile contains a sisgle byte in the third position.
beginning with ASCIL 129 and endi
byte will be interpreted a5 an
sedonsiruction software. Preceeding
mumber is writte; following it is an end-of.
. Line numbers have been set equal to the ASC. code ™
case in subseguent interpretation of the results.

In order 1o view the reconstruction of each patential
BASIC elernent, you first initialize program memory with
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'NEW command, then load the output file with the
RGE command, os if it were a program, ie., MERGE
LENAME, The result is given in Table 3. For

ns(m; is n;uunmmm a3 ELSE
“HRS(130) @
HRS{166) a5 WARNING

] i I |
Heals Bi B
= = &

B =
e 2 E
it z e

LSS AN K TO SOV

A\ me -same time, several codes are reconstructed

ftich can't be understood directly fe.g., 171+ m Ilu.
abd mm:: It is apparent that some of the ASCIL

ane Lurpesel other (han direct !I'lmlldcm w
BASIC. Some might be used as descriptors of subsequent
bytes (8., {o‘] purposes of ideniifying trailing bytes as

a7
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. Finst enter

mumeric data, line numbers refevences, string daa, ete.)
while ccher of these ASCIL eodes may not be assigned at all.
Putting this question aside for the moment. let us see how
we could write @ program that would remaove all REM
statements from anothes program. The ASCI code for
REMARK (REM) is found in Table 3 1o be 154, I we
assume that the ASCII eharacier with code 154 wall be found
i the third position of a REM statement in condensed for
ot (following the line-number bytes), we can write a REA
Program very simply. Such a program would meed

1o readda record from & program fis saved with the MERGE.
option, see if the third byte is CHRS{154), and if nat, print
the recard in a second file. That is what the following pre-
granl does. To use it with the "Condensed Format Code
bile” program, save that program with the MERGE op-
tion (SAVE DSKi.CODE,MERGE),

the MERGE comman (MERGE DSK1 REMFREE),
. Presto, Changol LISTing the prosram shows it 10 be
‘REMiess,” and \hln:mcm miay now be saved in Che usual

mnduamr

OF course, more complex applications require a more
detatled knowledge of condensed format structure. The
Revond Structure program listed below will allow
you o examine the condensed siructure of every ling in any
BASIC program. With such a representation and the list
of codes in Table 3, a great deal of additional information
ean be deduced.
_*For purposes of illustration, let us treat the **Record
Structure”” program [isell as the program 1o be analyzed.

the program withaut the KEM statements, and

then save it 2 DSKI.BASIC, MERGE. Now enter RUN o

display the code structure of each line. The display for the
first line is shown in Table 4

‘The first column in cach mlrof\dummxhuwslkpm

thon of the byte code. The first position displayed s 3

becamse | and 2 are used for the line number. An asterisk

has been placed beside all ASCII codes which exeesd 128

1o easily ieatify them as “instruction’ codes. Codes which
are between 32 and #4 are followed by their correspaneing
r'-SCII character representations.

& cocGsuome ae

meoa

Since it is known that the first line of the program is
QPEN #1:"DSKI.BASIC”. INPUT, DISPLAY,
VARIABLE 163, Ict us see what sense can be made of the
carrespanding condensed code. Codes 159 and 283 corre
pond to OPEN and #. Although the meaning of code 200
s not ke, in looking ahead 10 colsms 6 and 7 we might
hypoihesize that 200 means A number is sbout to be en-
countgred, and U next byre will | give the number of bytes
used to represent that number, "

Alihough 181 is 2 - 199 5 another snknown, Look-
ing aead at positions 10-20, we might again hypathesize
that 199 is used for string: the way that 200 is wexl for
numbers. The "' 10 in position 10 is consistent with this
hypothesis since DSK LRASIC is 10 characrers long, Mexi
we encourtered the codes for INPUT, DISPLA
VARIABLE. In position 27 another 200 |s encountered, and
the hypothsesis applied earlier 1 200 in position § is con-
sistient with what follows—a 3" in pasition 28 followrd
by the 3 numbers **163". Finally, o 0 is encountered that
indicates end-ol-line. By writing program hies specifically
for the purpose, you can use the Condensed Kevord Struc-
{ure program to deduce additional information about con-

mat.
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PART 2:

RULES OF MERGE FORMAT

evious section, MERGE farmat was discussed
with Tt's Programming Aids HL When
Extended BASIC program is saved with the

MERGE option (disk only), & data file is writien such
that each record in the file contains a coded representa-
tion of one line of BASIC code. This file can then be load-
'd into progran memory with the MERGE command.
use the fite is a data file, It can abw be gencrated
br& BASIC program. 11 all of the rules of MERGE for-
it Are observed, the file is indistinguishable from ane
wreated by saving 4 program with the MERGE option and
i be loaded into program memory with the MERGE
command, Thus an Extended BASIC program can, in ef
fect, write gnother Extended BASIC program
"One can thitk of & variety of contesss n which this
program generation sapability could be used. Fer in-
u’inﬂ & program might 3 paration of music or
ik in an interactive, " high level'” format and then
wse (his data 1o write a BASIC program or subrouting
which prl:dn:ts the music or graphics display.

File Strutture

‘The MEn.G: format file eonsits of seguentially
arganized records, each corresponding 1o one line of
BASIC code. Records are of variable length with a max-
imum length of 163 disptay format characiers, The OPEN
‘satement for a MERGE formut file might be:
SUOPEN W:"DSKIFILENAME" VARIABLE 163

rd Structure
ds in the [ile each represent a fine of BASIC as
wrings of ASCI1 characters. The ASCIL codes of the first
w0 characters represent the line number, Last
character designates “end-of-line™, and the BASIC state-
menifs) are represented in coded form in between.

- Let'a consider first how line numbers are represented,
Inu are probably aware that cods numbers are associased

with the r parterns used o display infermation.
character associated with n code can be obuained with

e CHRS function; PRINT CHRI(65) displays the pat-

wern of 1h. et with ASCID cods 65 on the screen—
e better A, (ASCIL, by the way, stands for American
tindard Code for [nformation Interchange.)

While some ASCIL characters. like the letier A. have
an pssociated pattern, others do not. However, any of
the 256 ASCI11 churacters ean be nocessed with the CHRS
funetion and subsequently used in strings just like any

St €1 s Yolr Pty o

of the more familiar characters. PRINT CHRS(32)k-
CHR${235) displays (wo characters. Neither has a pat-
tern, so neither can be seen, but the computer is able to
recognize each character nevertheless,

A charaster consists of @ "'byte,”” and a byte can be
thaught of 45 an cight-place binary number, Just as the
decimal number system contains 10 dagits (08, the binary
system conrains two digits, 0and 1. In the decimal system,
the First placs Lo the Len af the decimal paint counts in

units of one. Each successive ploce counts in units of the..

o base la mu!un!lml 1lmes the units of the
10, 100% i

m:msivep!uu in units of the number base 2, multiplied
times the upits of the prececding base; e, 1's, 2's, 4's,
B's, ', ete. Thus the cight-place binary number
0110001 ueuumﬂem @w0+0+32+16+0+0+0+1or
4% in decimal, The binary mumbsr 11111111 is equivalent
t0 255 (126 + 64+ 32+ I6+8+4+2+ 1), and this s the
targest ASCLI code becavse it is the largest number that
can be represented with a byte. The 256 ASCIL characters
us numbered from O through 255,

e al equivalent of ASCIE cods is used to repre-
sent ihe line number, but with only one byte, the largest
tine number which could be represented is 255, To allow
tepreseniation of high line numbers, a second character
is added giving 7 total of 16 binary places, Applying the
same principle used above, the places count (from right
1 Jeft) inuniss of 256 (128°2), 512, 1024, cic, When plac:
ed in the first (wo positions of 8 MERGE format record,
CHRSZMECH RIS i £, DOOC0OL0 0O001000—would
represent the line number 520 (512 + 8). A quick method
of determining the decimal representation of any two
chiraciers s 1o multiply the code of the first by 255 and
add the code of the second. 10 the above rl:lnlp!n
szu =2°256+ 8.

The highest allowable line number in TI EASJC s
32767 (OUITIINT TIELLINE or CHRS(IZTMCHRS(255)).
Adding the left digit gives the end-ol-file mark used in
MERGE qumm cquivalent to a fine number of 83515,
These two bytes, CHRS(23H&CHRS(235) must be inthe
first two positions of the last record in 8 MERGE for:
mat file.

Just 36 These two characters signal the end of the file,
the byte CHR$DY is used to signal the end of each line.
This chargcter must be the last ong in cach record.
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MEMB Format Code
This brings us to ihe question of what 1o put between
the line umber and end-of-line mark and before the end-
er-ﬂ: nwl: wiz., the coded BASIC statements. Many
:hoom;mg Extended DASIC statements are
Tisted un Table 3 togsther with their ASCII chacacier
tokens. In MERGE format, the BASIC elements listed
are represenied by a single ASCH character. For instance,
(CHRS3({156) represents PRINT, CHRS(130) the statement
g-quu} the LEN function, etc. l-u onicr
"to prepare. BASIC statements in MERG
 however, one Imm also know how to represent v:m:x'hle
fdmes, aumeric and siring constants, and line numbers
 occurring within statements.

The easiest of these to represent s the variable name;
* the normal ASCII represemtation for each character of
the name is used. Consider the line:
10 PRINT XYZ

The MERGE format record used to represent this line
would be:
CHRS(0)&CHRS{10M&CHRS(I561&" KXY Z"&CH RS0}
That i3, seven bytes would be concatenated in a string
aad written in the appropriate disk (e record. The first
(WO bytes represent the line number; the next, the

INT; the next three, the viriable name; and
the last, the end-of-line mark, Afsurming that the com-
pleie file corresponds Lo the requirements of MERGE far-
‘mat in ather respects, when loaded into program memary
ith the MERGE command LISTing, the program will
it to contain the line intended.

Numerle constants and unquoted siring constants are
handled differently from vazialle numes: Each number
of unguoted string must be preceded by swo identifying
bytes, The first is CHR3(200), the charactes which signals
the beginning of an unquoicd siring. Following
CH . a byte must be included to indicate the
Bumber of subseguent characters in the string o number.

This byte Is simply the character with the cods cqual to
the length of the siring—i.c., if 1hc string were five
characters long, CHR$(S) must be included; if 12
characters, CHR3(12). For example. consider the

© CHRSIOMS RS(IMH RS(156)&" K" "&CHRS(193)
w;e HR3{200)% CHR3()A" 345" &CHRS(0)

ere, CHRS(200)&CHRS(3)&" 345" first indicates that
rln nmuoud string is to be :nooummd. then indicates
“how long that string is, and finally gives the string.
‘Quoted strings are handied in much the same way, ex-
cept that CHRE(199) is used insicad of CHRE{200):
10 RUN “DSK.1L.FILENAME"
would be represented as
CHRS{MACHRS(1M&CHRS(169)& CHRS(199)&
CHRS{13)&" DSK |, FILENAME" £CHRS(0)
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Netice that quole marks are nol explicity included in rhe
strng represeniation. They are automatically provided
fer by ihe use of CHRS(19%).

Finally, line aurmbers included in program stalements
such as GOTO and GOSUB must consist of 1wo brics
caded in the same way as the line numbes byles which
begin cach record. Morcaver, these two byies must b
preceded by CHK3(201) 10 indicate that they are to be
inerpreted as a line Aumber. The statement:

10 GOTO 200
would be represented as follows:

CHREM&CHRSOACHRS(IMECHRS 201

ECHRHUMECHRI200)&CHRI0)
Program Generalion

Although MERGE format programs ¢an be penerated
the above lechnique, ifs wse would be
eumbsrsome—to say the least. The following merhod
simplifics 1he process considerably.

or the gmoment, Tet’s pui asice the question af

Eencrating the portion o cu
with the BASIC stateme E
generated and assigned ta the string variable LINES. Emch
tiare a LINES string is consteucted, two fine numiber byres
must be added ta the beginning, an ead-of-line byie 1o
the end, and the whele thing must then be writien as a
record in the MERGE lormas file. The easiest wary to ban-
die the operations which follow the construction of
LINES is to use a subroutine. Given a starting line
number, LN, the following subioutine constructs the two-
byte ASCH fine number representation and writes the Sk
record. It then increments the line nueaber by 10,

000 PRINT 81: CHRS(INT(LN/2560&CHRE
LN - 1‘6'NTELMase])&ur«l:s&.nms[ﬂ) B
LN=LN+i0 :: RETU

After the BASIC statement portion of the record is
assigned to LINES, a simple GOSUB 9000 takes care of
all the rest.

The construction of LINES strings can be simplificd
by assigning ASCII characier codes Lo siring variables
with easy 1o remember names. For instance;

100 REMS < CHRS[154)::FORS = CHRS{1400: NEXTS
= CHRS(IS01:IFS = CHRS(132):: THENS = ri-[Rs[nﬁ;
STOS = CHR$(177)

Some string functions are followed by 3 5" and re
reserved words, But in T1 BASIC, they can be embedd-
edin a variable name sothat one could wie variable namcs.
like @SEGS, @S5TR3, cic., for storage of the approprise
ASCII characier. Punctuation, arithmietic operat,
characters 199-201 also must be assigned *creative™
wariable names: Q8 for quoted string, UQS for unquoted
string, CMS for comma, ete.—whatever will be casicst
for you te remember,

The next level of simplification involves user-defined
functions to include more than one byie whenever possi-
ble. For example, It 15 elear that CALL will always be
followed by an unquaoted string; CALL COLOR, CALL
SPRITE, CALL SOUND, ete. For that matler, the w
queted strang token will always be followed by a bytei
dicating string leayih. Construction of strings whicl
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e the heyword cun ey
defining function apprapriatcty:
¥
1D DLE UOSIX) = CHR Y200 CHRIX):HCALLE)
= CHRS(15T&LIQSN)
teaent like CALL SCREEN (2) can then be writren:

120 LINES = CA LL3(5)& " SCREEN TRLPS&UQS (&
CIERPS:GOSUBR 0000

(il CHRS(183), the left parcathcis, had previously been
Assigaed to LPS and 182, the right parcathesis, 1o 1PS)
ity making the funciion definitions a little more complex,
1l statement cun be even further simplificd.
HODEF UQS(Xs) = CHRi(m}&CHRS(!.FN(X!»&-Is
120 DEF CALLS(NS)= CHRS(ISTIRUQHXS)

nakes it possible 1o write CALL SCREEN 2 like thiy;
130 LINES = CALLS("SCR! NMLPSELUQS! 2k
AP$:GOSUB 9000

F's Besinning to look o ot like BASIC,

Built-in functions can similarly be defined 1o faciliane
ansinicion of MERGE formal strings. For inslance,

clore be sinpliticd by

40 DEF INTS(XS) = CHRS(O0T)4 L PS&xXS&R PS
I ene 10 write X = INT(Y/256) as

(190) had boen
HR3(196) TO DIV§)
Simitarly, line numbers occurring w
é&h ds GOTO or GOSUB, can be
\Ilojn'n. Tunetion: :
0 DEF LNS(X) = CHRS(201)4C) TRSIINT(LNr256))
CHRS(LN = 256° INT(LN/256)) .
+thar the statement GOTO 200 can be written simply ax
70 LINES = GOTOSELNS(200) 1+ GOSUR 5000
GOTOS had pacviously been assigned CHR3(134))
Using string variable' names and user-defined string
Actions, you ean crente your owi wustom “language"
* e in wriling MERGE forma records.
The following program may help 1o tie up the concepts
ented; [t is a trivial example of o music program
.m. The program writes CALL SOUND
g in the MERGE format file “PSKLBASIC
the ser presses 4 single key. =

Previously assigned ro EQS and

| statemnents,
mplilied with 1he

cr
i

| o
il 'HEﬁ:;

&




HOW

- ExreEnDE]D

IS EXTENDED BASIC?

othing eaused as much excitement and anticipa.

Nlion in the TI-92/4A community as the announce-

ment {which now scems like an cternity ago) that

Extended BASIC would be forthcoming. Well, now that

' the new programming language i being pobbled up by

nungry Home Computer users, the question on

everyone’s mind is. aaturally enough, “Was it worth
waiting for?"

For.the answer to this, and in hielp put the new soft-
ware [n proper perspective, we slouid irst examine TI's
claims for the language {in the introduction to the
reference manual): “‘Texas instruments Extended
BASIC. . .has the features expecied from a high level
language plus additional features not available in many
other languagss, including ﬂ-cl=r designed for wss with

pensi Y
pected’ and **not available.” Features s
¥ ’PAT. ACCEPT AT, PRINT. . USING, IMAGE, ON
ERROR, multiple statement lines, expanded IF TH Er
ELSE statements, PEEK, Boolean operators, and
assembly language subroutine calls are indeed “‘ex-
ted.'” Unfortunasely, they were expected in the or-
dinary TI BASIC, since they're stamdard features of
varions Microsolt BASICs found in other machings. But
} just a3 plain, old, osdinary TL BASIC has ils share of
surprises that aren't commonly found an other BASIC:
fep., RESEQUENCE, complete EDIT,
TRACE, and I'!'I\El‘\k utilities, Plu< ite marvelously tim-
ple character sefinition and color assignment facilitics,
L

chedes some mighty impressive [eats of computing magic,

But before we get into these extended features, let's

. examine some of the abvious changes from T1 BASIC,
L First, there’s the maties of a sight redustion in usable
RAM. The maximum program size in Estended BASIC

is 864 bytes smaller than in TI BASIC. Although this
represents only about & 6% reduction, any redustion in

wser memory is significant if it prevents ceriain applicas

thons from being . . And, in face, 23 lingle 25 500 byies

is frequently the critical amount of extra memory need-

exh, (Witness the scveral programs in this volume that can-

not be loaded or RUN with the disk controlles® nower
on=even with the CALL FILES(]) command that frees

all but the S00 Lytes for the disk system. ] Sa ~=ogram-

¥ mers without the 32K RAM cxpantion should try
wherever posaible Lo make up the loss with Extended
BASIC's built-in memory saving features: multiple slate-
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ment lines gwith more allowable characters per line), ex-
p'\lhll:d IF-THEN-ELSE statements, multiple variable

aents, traller comments that immediately foillow
statements {instead of separate REMs), repetition of
strings with the RPTS function, an" the use of MIN an
MAMLTunctions.

The loss of user-definable characters in the character
sels 1% and 16 is another departure from the T1 BASIC
standard, These custom sharacters are no longer available
Lo progiamiers since the memory arca is needed [0 keep

N
Extended Hi\biC in ot circumstances—unless, of
course, you've done semething thai will obviously cause

arouble, such as sccidentally using a T1 Extended BASIC
keyword as a yariable in your T1 BASIC program (e.g.,
DIGIT, ERASE, ERROR, IMAGI ERGE, MAX,
MIN, SIZE, WAR . efe.] [Seet ulyr’.’\u—ml 1981
issue of 99%r Magazine for an analysis of what it and
isa't m(crcl!an zeable.—Ed.]
N ke a peek (no pun intended) into the *“hag
ST R goed place 1o
with Estended BASIC's exciting new graj
« € new subpr 3 {phus 2 redesigned
ones) provide the ability 1o creatc and lhuruuxhly con
lhc shape, color, and metio of smosthly-moving
on graphics. These are 1he true spritcs--
J-‘m;ﬂm.‘. that can be displayed and moved a1 any af 49,152
|mqumuuue raws % 256 columns) rather than the 768
ions (24 rows x 32 columns) CALLed by the
YCHAR and HCHAR statements of TI DASIC. But
that's only the beginning. Sprites ean be set in motion
with simple X and ¥ velocity components and will con-
i i £i'ier control; They can grow
and shrink at wlll be relocated or “'hidden”, and even
dot vut fixed objects and other sprites ta
give the illusion of depth and 3-D animation. [This is a
function of 1he three-dozen stacked image planes of the
Home Computer's viden display processar chipa=a unis
que gmphmunm:. expiained mote fully in *3-D Arima-
tion_ "' —Ed.)

aflclenados and educaters have every
ayed with the new sprises capability,
TI-99/4A users who are more interested in business,
scientific and professional applications will be drawn 10
other Extended BASIC features, Fisst on the fist is
subprogram eapability. Seveenl optiens sxi
for passing valugs (and entire arrays) between main and
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,.-guum There’s also built-in protection (o prevent
wm; Jocal variables from affecting the main
used

sarga)
ﬁs.‘wﬁdm a separate disk, and later MERGEd.

ill allow programuners 1o build up a library of
"m‘niv!n:ll" subprograms that can be called upon 10
2spply the appropriate cartridges for new programming
s Ks—without time-consuming re<coding and debugging.
+f this new subprogram flexibility iz not énough for
yer most demanding tasks, how about “program chain-
1en " where ane program can load and RUMN another pro-
rom a disk, This means that multi-part programs

o5t unfimited size can now RUN on the T1.99,44
.r i | mhmminm pisces and each segment is allowed
nm Ard at any point in this chain, a

'be Inserted, allowing the user to choose with
qwmhltharli lar program to be RUN, Im-

[t mz
E h wuu»m«. or thinking of
il rﬁlﬂn' one, wu! be happy 1o learn that Extended
ludes & speech editos. You will no Jonger need

Gnmmd Cartridge (with a retail price of

= but $45); What's more, with the combiration of CALL
| ability of subroutine MERGES, and the
 patteens (that Tl supplics in the appen-
i d the

cs only ane cryptic states
acomplex process,

' 3t you wani it 1o say rather than Imu limited 10 a

vl vasabl wl. in fact, be implemented through

Vm geferring fo the *text- m-mm:h"
& Termir

Which is peogrammable in T1 BASIC.
y 0 Cartridge at a time cun be at-
m: TI99/4A, texi-to-specch cannot be used
Command Cartridge. [See
Speech on the Home t’.‘omwur,"—Ed |
final twa fcatures 1'm going to cover in this over-
viewf pravide a fair degree of software protection and
opge door Io additional language capabilities, Can-
Iy, these arc the particular features that may have
1€ most . profound mu:eu on the entire TI-99/4A
#r munity—ultimately determining the quality and
'm of the commercial software for this

/«mc I‘llM.

Entended BASIC programs can be SAVEd in a FRO-

ECTed form 10 guard against software piracy, This ir-
reversible feature allows 3 program o be RUN or land-
ed inte memory only with an OLD command. A program
thus PROTECTed cannot be LISTed, EDITed, or SAY-
Ed. If the program was originally SAVEd and FRO-
TECTed on a disk, you must s4ill use the protect fearure
of the Disk Manager Command Carisidge 1w complerely
“lock up™ the software by preventing it from being
copled as well

Entendad BASIC has the capability to CALL and RUN
assembly languags programs if the 12K RAM capansion
peripheral is aitached (0 the computer. Since Assembiy
Languags has a much fester excention speed than BASLC,
iy applications programs that are unfeasible o write
in either TI BASIC o1 T1 Extended BASIC {and Extend-
e BASIC is not significantly faster than its predecessory
can now be writtea in TMS9900 Assembly Language,
LOALed into the expansion memory peripheral, and
RUN on a T1-99/4A. This paves the wiy foF some faisly
sopisticased pplications programs that can new be
targeted for TI99/4A users, |See the related assembly
language sections in this book.—Ed,

Even thouzh a TH09/4A with Extended BASIC snd
the memory expansion peripheral ean CALL and RUN
Assembly Langupge progearms and subroutines, it can-

net be used to write them at presead, And instead of
direct i of the POKE d. T1 gave
users an indirect implemeniation. To load dara directly
into memery locatians, they can use CALL LOAD with
1he optional fields specifying i starting address followed
by data bytes. The TMSE900 Assembler, available on the
Editor/Asgembler Command Cartridge and its accome
panying diskettes, allows Home Computer owners o
wite their own Assembly Language programs and call
them up through Extended BASIC. Besides this obvious
use of an assembler, it opens up ather exciting
pusslblhtles' More exatic languages can be written in
59900 Assembly Language especially for T1-9974A
lementations, FORTH, for instance, is now available.

“The bottom [ine is more software wols for developers
and moare economic incentive for them to producs
wvaluable programs that can be protected against most
piracy. This means that the T1-99/4A wser community
will be seeing & Jot more useful software enter the marker
Being able 1o ren this software should more than justify
the $100 {retail) price for this filled-10-capacity 36K byte
TI Extended BASIC Command Cartridge with aceom-
panying 324-page reference manual, Therefore, the
answer o the thile’s thetorical question, *“How Extend.
ed i Emrndni HASICY" is apparenily, *Extended

enough. . @
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e where lhm ‘diamond necdies bear eighty
wﬂmﬁugor graduated sizes. At the beginning
¢ rings were all on one nocdle: but now the tem-
mmrmmsrhenn;; ‘one &l a time, from
mever setting a ring on a smaller ring.
£ m\“‘lnlw(y nings 1o one of the other
,4‘ neadles, the world will ¢
!mhmmunch mnsturl!mlhﬁ:
four or five disks of various colors and sizes,
1o {iz on three wooden pegs. The object is 10 start
he disks on one peg, and by moving ane at 2 time—
never setting a disk on a smaller one—transfer the
pile to another peg. IT you don't have one of these
in yotr closet, hore ks a pocket program of the puzele for
you and your Tricnds.
“Whei the program s run, foor “rings” (they will
ly bnok more [ike short bars) will appear on'the left
the screen. There is raom on the sereen for three piles

. The program works this way: rings arc represent dby
numerals 1, 3, 5, ar® 7. Peg {1}, Peg {20, and Peg
are variables in which the presence o rings on the three
pegs {or piles) are recorded. Thus in line 200, which is
part of the initial setup portion o/ the program, Peg {1}
I the vaiue l,!s'.l'r\rwspmdlns to the presence of
four rings on the first peg. The lefimost numeral is

one on
iatthe beginning, pegs B2 and #3 are empey. When &
?‘n.is moved from one o [o another, the values of the.

*peg( )" variables change accordingly, For example, if
wrlimmh:n place the top ring from peg #1 onla
mdm::ﬂ Peg (1) dumgr‘ from 1.357 10 3,57 and Peg.

) @ o 010 |
£ These s are performed in line 450 (where the

*“size™ of the ring being meved is Ggured out) and in lines
500 and 510 where the values of the “'pegi 1" are actually
changed. ""From" and ""too" identify the peps. They are
given values when the km 1‘ 2, or 3 are pressed, The
three “top( ' vario strictly for 1he graphic
display; they record the nmuns of the tops of 1he piles
on the screen. Convenicntly, the rings are 1, 3, 5, and

T characters wide.
2
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3.7

“'Status™ is used as par of the *'call key™ routine
tefl the machine when a key has been released so that fie
program can go abiead. Now read through the program
and see if you can follow what is hapgening.

Stacks .

The piles of rings in this program are particularly
graphic illustrations of the stack, a ubsquitous and very
impartant idea in practically every kind of software. Like
the rings i these piles, things stored on seftware stacks
(subsoutin retum addresses, interrupts, whatever . . . )
come off the stacks in reverse order 10 the way they went
on, Because the items stored on our pepe are only single
abie to use a simple "trick™"! 10 repre-
sent each af ur three stacks. We just eontiruel a number
for each digit we want 1o ccpresent. The 95744 employs
aumbers accurate 1o 13 decimal places using a radis-100
Feproseatation, so we can push and pop numerals onio
and off the lefl cad of these with abandon, muliiplying
and dividing by 10 without fear of a reundaff error
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