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PART 1: Electrical Signals, Number Systems & CPU Architecture

1 you're a reader of 99'%er Hame Compurer Magazine,

you are probably aware that shere is a difference be-

tween 8-bit and 16-bit corsputers . , . olthaugh just
exactly whar that difference is—other than 16 bits arc
bwice a5 many a5 B bits” —might not be that obvious, M
purpose in this series of articles is. therefere, 1o dis
the inner workings of your 16-bit computer by gradually
introducing you 1o its operation and low-level program-
ming in a language much closer to the way Your com-
puter operates withous any BASIC interpreter slowing
things down, or coming between you and the power of
your machine.

The heart of any computer is its microprocessor, and
the one we'll be examining is, nanusally enough, the Texas
Insrruments TMS9000—the 16-bit chip areund which this
magazine is organized. To understand its operation, we
first have 1o know something about electrical signals and
number systems, so let's begin our discussion hers.

Clocks, Pulses, Bits & Bytes

The electrical signals used by & computer are Jabelesd
high and low, or 1 and 0, respectively. One of thess
signals is called a bir. Inside the computer this cor-
responds 16 otie wire. All of the wires together are ¢alled
 bus. The computer reads and writes a part of the bus
called the dat bus ot specific intervals, which arc
regulated by a clock. The signals that the clock produces
1o tell the computer when 1o read and write are called
clock pulses
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Areach pulse of the clack, the computer reads a group
of lines. Your nermal, run-of-the-mill microcomputer
uses groups of 4.8,00 16 bits. All the information read
of writlen is called daia. If the computer is ruding nr
writing on | line, the data is called serial_ i
of witing on 1 group of lines together, he data is :nlled
parailel. 4 bits in paraliel zre called a nybbie;
and 16 has no name, but 1 propose (o call it & gobbyl.

Look at Chart 1. The 1op line il.lhg clock. In this ex-
ample when the pulse is high, o
signa! lines, Notice that when Ihﬁn:gnnlyunc ignal line,
the data received cnn be only a 1 (when the ling is high)
or 2 U (when the line is low). There are only two passible
endes you cauld see during one clock pulse. You would
sccalora

Mow leok at what happers when you have two signal
lines grouped together=4 different codes are possible, On
clock pulse 71 ba:h lines ars low (code 00); on pulse §2
the batom line is low and the top onc bs high {code 01);
pulse #3 has the bouwn hi the top \uw {codel0);
and pulse #4 has bath lines high {code 1
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Number Systems

These codes could alss be considered numbers, Count-
ing with enly 0's and 1's s called binary (from the Latin
ward for twa) or base two counting. Ordinary, plain,
vanilla numbers that we use everyday that are calle
decimal (from the Latin for ten, of course) or base fen
niumbers. Even though we have only the ten digits from
0109, we can make very large numbers by using the same
digits in differcnt positions. Follow along on chart 2.

The position on the extrere right in a decimal number
is the ores column. For that matter, the position on the
extreme right in any base is the ones column, Wihy?
Because youi find the columi value by taking the number
of digits you have and raiting it 10 the power of column
minus one, For example, if you have ten digits, and the
calumn is number 1 (from che right), then the value of
that column is 10 to the 1 minus 1, or 1010 the 0 pow
Any number 1o the & power is 1, 5o the first column is
always ones in any base,

The second coluemn is a different matter. In base ten
it is 10 to the 2 minus 1, or 10 to the 15t power, ar 10

if you write 14 what you mean s 4 groups of anes
and | group of tens. In base two the seeond column (from
the right) would be 2 to the 2 minus 1, ar 2 10 the Ist,
ar 2. The second column or position (n binary is the twos.
columa.

The thing that makes the zera so neat is that it holds
the position without giving it  vafue. Zera ones is zera!
1T you just left a blank there, peaple would have 1o write
all their numbers in little boxes or pretty soon the col-
wmns would get 8l jumbled up. Is there one blank,ar
1we? . or three?? Better use the zero,

The columns in binary numbers are just iike the signal
lines in a computer. in theory, the columns go on
forever—and 5o do tle numbers, Regardiess of the base
you are in, you can keep writing numbers forever! Rut
i j i ¥ groups of
ines arc ihe same as columns, then
there s a limit 1o the size of number a computer can
understand. How Big is the biggest number you can use?

To find out, raise the base to the same power as the
number of positiens you have, On chart | when we used
twa lines, that was 2 to the 2nd power, or 4 codes or
mumbers. With 4 lines. there are 16 (2 to the 4th); with
4 there are 256; and with 16 lines there are 65535,

The last code on the chart is ol in decimal
B 15, 1 said you could get 16 numbers with four lines,
50 where is the last number? Don't forget to count 01 0
through 15 is sixteen numbers, O through 255 is 256
numbers, and so on.

There are ather hases, or course, The numbers marked
hexadecimal are [rom a base with 16 digits—the normal
10 digits from O to 9, plus the letters A to F. Use them
just like any ether digits, For instance, on the chare, 1111
binary is |5 decimal and F in hexadecimal (hex for shore},
The mext number in hex is | al it is 16; and
in hinary you have to add 3 new position fsixteens) and
write 10000,

You can always add as many zeros te the front of a
number a¢ you want without changing it. However, if you
make a binary number divisible into groups of feur, an
interesting thing happens: Each group of four ean repre-
sent 16 codes or numbers, Since that is exactly the nimber
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of digifs in the hex nuimber system, you can substitute!
This makes bong inary nurmbers mucl easicr ta read, and
doesn’t change their values a1 all,

Tey 3 few yoursclf., They're casy!

Crana

Hardware

The TMSH900 is called a 16-bit CPL (Central Proces-
sing Unit). This means that when it leiches an instruc-
tlom from memory, it gels 16 bits in parallel. And when
it reads or writes data this is usually done in groups of
16 bits too. [In the TI-99/4A, however. this 16-bit group
is converted into an B-bit data bus. —Fd.] You may hear
the term word wsed for 16 bits. I you are talking about
a 6-bit machine, the term is correet. But remembser, if
¥ou are talking about an 8-bit CPU, B bits (or byie) is
@ word; if the CPU is 32 bits, the word is 32 bits.

Ut is necessary for a programmer (o know about only
two kinds of memory. Random-aesets memory (RAM),
sametimes called readwrite memory, is what stores the
user's program, data, eic. The user of the computer can
read or write in it. The memory lecation is chasen by the
lines on the bus called address fines. The data that is he-
ing read or written appears on the data bus.

-only memory (ROM) comes in many varieties
and works just like RAM except for one thing—it can't
be written to. If you tell the camputer (o write, it will
E0 through the motions of writing, but it docsn't work.
The old data is sl there.

Inside the CPLF there are a few memory locations that
are not addressed by the address bus. The chip itself
knows where they are. These are called registers. All
machine language and assembly language programming
involves manipulating the data in these registers, because
that is all that the computer really can do!

ow any registers there are and how big they are
varics widely. The chip manufacturer usually Labels the
registers and decides on a shert code, ealled an opera-
tion code (op-code), for each of the manipulations that
the chip can do. An assembler is a program that reads
these op-codes and writes them into memory the binary
Torm that the CPU understands. When you €apro-
Bram using the op-codes, you are writing in assembly
fanguage. If you write your ewn assembler you can devise
your own op-codes, But because the manufacturer
generally writes an assembler for his chip, you can ute
his op-codcs.

About the only thing all CPUs have in common is a
register called the Program Counter (PC), The address
bus is just an extension of the PC. Each bit of the pro-
gram Counter is, in effect, connecied to one signal line
of the address bus. Since the TMS%900 chip was designed
especially for dedicated control purposes (e.g., produc-
tion lines inspection or phone switching) where the pro-
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gram is always in ROM—and since ac the time most
ROM: were made for 8-bil computers—the address bus
of the $900 is & fittle unusunl.

The bits of (e °C allow the chip 10 address 63536
blocks of memory. The blocks could be any size, but as
1 said, most ROMs were in blocks of 8 because most com-
puters had an S-bit data bus, The PC in the 9900 has 16
Bits. These are labeled 0-15, from (%eft to right), most
significant bit (MSB) 1o least significant bit (LSB). Why
are these only 15 address lines? Follow on Chart 4 as we
20 along.

Normally the PC advances afier each insiruction or
parameter it fetches S (a1 it paints (o the next memory
byte. But the 9900 needs L6 bits instead of the 8 available
at exch location in most ROMs, So the %900 has two dif-
ferent fetch cycles: it reads the byic indicated by the PC
onthe first cycle, hooks the next byte (o it on the second
cyele, then increments the PC by two. To the user this
all appears 85 one ferch, except that the PC is incremented
by rwa instead of by ane a3 expected. By eliminating the
last bii, however, the addsess line appears 10 step nor-
mally. The drawback is that you can address only 32767
words. I1's still 65536 bytes though, @

PART 2: Registers, Programming

& The Need For Assemblers

Stulus Register

Almost cvery CPU has same kind of fagls). These arc
set (high) and resel (low) by acsions performed in the
manigulations of daa. Different instructions affect different
flags. Madern CPUS combine several flags into o single
Stanes Register. The TMS9900 is o exception, 115 Status
Register (ST) is 16 bits long. Bits 7-11 ase nol used at pres-
cnt. The others are shown in the drawing below and are
eaplained in the text

TMS9900 STATUS REGISTER

B 12345 & TEQW"I?T?HIS

PRl 1] I

Frrr e
MASK

<z80]
gar=znas)
<d-zral

Euclh o these conditions will be discussed i psore detail
s examples are shown, Uniil then, these simple descriptions
will help.

Thie four bits Labeled 12-15 can select up 10 16 inicrrupt
levels. All levels cqual 16 oF abowe the tevel indicated are

Bit 0 is set afler any operaion whers the destination value
(answer} is greater than the source (the first operand used;
it remains unchanged). All 16 bits arc wsed for ihe
comparison,

Bit 1 is similar £ bit ¢ excepr that the values are com-
pared a5 signed imegers, The MSB (most significant bil)
designales the sign of the integer, with o 1 meaning negative
und & 0 mesning positive, The range is + 12,767 10 — 32,763,
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n:.;.m numbsrs arc represcnted in a two's complement
ashion.

Computer math is cyclic. This means that If you add |
% the highest possitile 16-bit number (FFFF hex), you go
back 1o D000 hex with & carey bit that is set, IF you subteact
1 from, 9000 hex without the corry, you get an overflow:
but i the carry is 51, you get FFFE hex, Therefore, - |
s FFFF hex in two's complement. To sec its usclulness, l's
add — 1 and |: FFFF hey plus 0001 hex aqual 0000, the carry
s se1, and the answer is zero. In a nutshell, this whole
business of two's complernents and carry bits is simply a
way o subtract by adding.

Bit 2 1s set if the two operands are cqual.

Bit 31 seifa 1 i shiftee out of an operand, or I acarry
oceurs in a math operation.

Bit 4 is set if the math requested cannat be done.

Bit 5 is st if the parity is odd, and reset if it s even. Odd
parity means that there ia an odd mamber of 15 in the binary
representation of an cperand.

Bit 6 s set afler an extended operation has been com-
pleted. This is done bacause an interrupt is not checked for
afier completion of an extended operation. (You therefore
may wish to have the software check for one if this flag
is set). .

The ALU

Most CPUs have an Arithmetic/Logic Unit {ALL) where
the simpie math is performed. An accumulator, a special
register used by the AL, usually contains the answers (o
the math. [n the TM39900 there is no accumulator because
the destination address serves as the equivalent of an ae-
cumulator. This means, in effect, thas any memary loca-
tivn can be the accumulator, There is an ALU on the
TMS9900 chip, but its opcration i intrinsk to the
instructions,
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Other Reglsters

Most CPUSs have & few extra registers where quickly-
needed values can be stored, as well as a register called o
Stack Pointer which points to a section of memory where
morc data can be “piled™ and then quickly accessed. These
fwo concepts have been combined on the TMSS00 into a.
single Waorkspace Poirter Register (WP), The WP poims
to a block of 32 byes of the memory armanged as 16
workspaces (WS}, cach 16 bits long. The werkspaces are
synonymous with registers, and are used the same way, We
can change tht WF in several ways and can save the old
WP when a new one i used. Thit allows us to returm 1o
the old one if we need ta. This set-up, in cffect. acts like
an elaborate stack. i

There are five different ways (o use these WP registers
teindicatc an opesand for an instruction. These addressing
modes are as follows:

I. Workspace Register Mode ~=the data in the in.
code 00 dicated regisier s the
data used

—Ihe data in the
segister is treated as
the address of the

2. Workspace Register Indizect
code 01

real data.
3. WS Register Indirect —same as above, but
w/Auto-Increment the register k in
code 11 cremented upen
completion.

—ihe addsess of the
data follows the in- ++
struction in memery.
—same &3 above, but
the value In the index
register is added to
the address,
There are thece other addressing modes nat dealing with
registers per sc: (1) The immediate mode hos the data im-
mediately fallow the Instruction eode, In other words, the
address of the data is the address imenediately Fallowing the
The

4. Symbolic or Direet
code 10

3. Indexcd
code 10
Td or Ts equal 115

nut/ouiput (170} device determined by byies 3-12 of register
12. (3) The IMP instruction (and all variations thereaf) uses
the Last 8 bits of the butruction to determine where ona
256 bylc page to jump. The PC indicates the center of the
page, 50 the jump can be from PC— 128 to PO+ |27, (e
byte I taken up by the jump instruction itscll. The § bits
store the relative junip in iwe's complement form,
Progmmming ard the Need for Assemblers

IF your CPLY is the TMS9900, the simplest enmputer you
could construct would be composed of o clock, a CPU,

@ few control switches, 16 data switches, 16

lights for read our, and 15 addsess switches, It would be
crude and slow Lo program, but once programmend, it would
operate as well as any other computer. But how tould we
ProgTam it? .

Suppose we wanted 10 load register 1 with zero, and then
Increment it urtil its eontents were equal to cither 1024
fdecimal) or the contents of repister 2, The first slep can
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be done several ways. Immediately loading register | with

comes 1o mind first, A little investigation of the lnstac.
tions fof the chip show that we could save a word of memory
by using the Clear command. Figure 1 shows the register
format for the various commands, and Figure 2 shows the
op codes for the insructions.

LUsing this information, we can now determine the binary
values of each word. Load [mmediate uscs the first 10 bits
8 the op code; the 1th bit is not used; and bits 12-15 select
the register. This means the first word is

D000 100000001, where X can be | oF 0.
The second word fs the value 1o lead, and in this case would
be all zeros.

Using oar simplified computer, just Mip cach switch on
ifthere s a | at the corresponding bit, off if there is a zero,
Press the Inpur control switch (it mighe be called Load, or
+ - - ), and the instruction is stored in whatever address the
address switches are set to. Then add 11 the address switch-

Fomat Toli[z al+]a]e]7]a]a ro[s1]1a[aiaeE]
1 cone | 8] Ta o T, 5

2 OF copE RELATIVE Jump

] | or cobe | ¥

a op cobE f ) T

] [ GF cane T

w

H

a

B 1brte Omword

T dstination sddvas mods
D derination midvass

T source midress mods

5 murce sddress

10 with D, pymbelie
10 with R1=R1S, indansd
1 Indirsct with inersment

N
RELATIVE JUMS from +137 10 —128 Figure 1.

s (which adds 2 to the PC) and set all 1he data switches
10 2670, Press Input again, and our complete instruction is

ready.

1T instead, we use the Clear instruction, we would use the
single-operand general format with the first 10 bits being
the op code. The next twh bits inclieate address mode, and
the Last 4 hits select the regisier. Since we want 1o clear the
register itsell (nof the ward it points to), the code is 00,and
the whole instruction s 0000010011000001.

Even with a hex keypad and a small menitor pragram,
it wowld be a very fime-censuming process to picce together
the binary wosds, and then convert to hex and type them
in. Typing in 4C| s easier than sctting switches 1o

10011000001
but putting together those op codes 13 just the tedious, bog-
ing kind of work that computers are supposcd 10 free s
of. So why not use them for that?

not, indeed. . That's exactly what we'll do when
we ook at a TMSO000 assembler,
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IT’S SUPER
LANGUAGE

PART 1: Fundamentals of Assembl

Language

Programming on the T1-99/4A

clore getting imo the details of the TI-99/4A
BEdhermmmm:r package, we should first consider
what &n assembles is and what it can do for us, Mast
readers are already familiar with the TI BASIC languaze,
and many have alrcady experienced the disk-oriented
features of Extendod BASIC. These BASICs are interprered
aprs. When a BASIC program is being run, the BASIC
Interpreter converts fisterprets) the BASIC statements, one
statement ot & time, into muchine i ~the binary ones
and seros that the computer understands. It then executes
the statement il has just converted. Since a single BASIC
statement usually generates several machine instructions,
progranms can evecuie relatively stowky. This is espacially true.
in peograms containing loops because each statement in 3
loag is interpreted each fime it is encountered.

BASIC programs are simply input and RUN, but gro-
pramming in assernbly language involves an exira step which
is not apparent in BASIC programming—namely the
assembler stage: Assembly lanpuage programe must be in-
put, then aseembled and finally RUN. The assembler con-
verts the assembly language statements {or source progrim)
to machine language; it is the machine-language for objecr)
program which is RUN. Because there is no waiting for cach
statement 10 be interpreted at runtime, programs written in
asgembly language run exremely fast,

Another major difference between BASIC and assembly

8 the difficulty of writing programs. A BASIC pro-
gram I relatively easy 10 code because the instructions are
English-like and the programmer docs not have 10 worry
about where variables reside in memory or have to under-
stand the structure of the machine. Assembly language pro-
grams, on the other kand, are hosder and more time:
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SomSUMIng to write because the instructions are machine-
oriented (e “TMSPK0 Maching and Assembly Language™'}
and the programmer must understand the siructure of the
machine, Debugging assembiy linguape programs ic harder,
tesen. Bt these difficulties are not necessarily disadvantages,
because an underctanding of the mackine allows a program-
mer to sreate more efficient programs. Programming in
asserably language is an education in tself, and is one of the
st witys 2 leamn how a computer works.,

A programmer must consider these iradenffs in choos-
ing the best langunge for each application. In general,
BASIC s faster 10 write and debug, bl assembly language
programs executs faster. Happily, TI has mads it possible
10 chaase both by enabling Extended BASIC programs (o
CALL assembly language subroutines, This means that a
pIogrammer can write mainly in Extended BASIC and use
assembly language for portions of the program where faster
execution is fequired (loops, and especially, soris). Writing
shiort nssermbly anguage subroutings Lo CALL from Exlend-
ed BASIC programs is a good way (o ease into assembly
language programming, and after saie practice you may
find yoursell writing entire applieations i assembly
Innguage.

What follows is o pr ry Tnak mt the TI-99/4A
Editor/Assembler package. however, only an over-
view of the produst, Dther sections will gointo more depth
on specific features of the software.

Software Media and Required
'ware

The Editor/Assembler software resides in 3 Command
Cartridge and on 2 disk. To run it, you'll need at least one
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dik drive and the 32K expansion RAM, Both the Editor
and the Assembler ase selectable from menus, and most of
the sereens includc casy-to-undersiand prompuing messages.

The Editor

The Editor is used 1o input Assembly Language source
programs initially, 1o update programs previously saved on
disk and (o print programs. The Editor's features compare
faverably to those of larger systems.

There are two modes: Edit Mode and Command Made.
Edit Mode s always wied to input & program for the fist
tieme, but either mode ean be used 10 change exisiing pro-
grams aftcr loading them from the disk or 1yping them in
Edit Maode.

Edit Mode is entered directly from the meau. The scrsen
is.a 40 % 24 window on the source program. Function keys
allow you to move this window to the right or lefi in
20-character ierenents, of up and down 24 lines at a time,
(Since most of my Assembly Language programs have fewer
than 40 characters per fine, 4 tend 10 view the lefimost 40
characters and make heavy use of the up and dawn scroll-
ing). The four cursor keys are enabled in Edit Mode, mak-
ng it especially easy to correet typographical errors, Whole
lires can be inserted into the text by moving the curser to
the adjacent line and pressing she Insert function key; a tiew
blank lin is insered, and the user simply typss in & new
line. Similarly, a whole line can be deleted by moving the
cursor there and pressing the Debste function key; the line
is removed and the line numbers of the following lines are
automatically decremented. There arc also keys for inseri-
ing or deleting characiers. A Tab key i alw provided for
tabbing to columns § and 16. Edit Mode makes it very ensy
10 entes few programs because the user can both type the
sOurcE Program in @ natural manncr and correct errors and
omissions as they oocur. Edit Mode is cadied vin the Back
function key, which puts the Editor into Command Mode,

Command Mode reminds me of the UCSD Pascal editor.
The first line of the screen shows the Command Mode op-
tions: Escape, Find, Repluce, Move, lnsen, Copy, Delete,

Show, and Adjust. Line 2 is reserved for parasmeters 16 be
Enput by the user, o in this mode the text window s 40 x
22. Most aptions require Further Information to be given
o Bre 2, and very clear prompis given so the user knows.
what line 1 enter.

Each opion s selected by typing the first character of
the bption name. For example, to find an sccurrence of a
iring in the Source program, tse user enters F. The system
responds with the prompt <count> < (start col, end

tion of the text contsining the second such oecurrence of
ABCD (if any) with the cursor over the A. The symbols
< inthe i il i

Ta find the next occurmence of the sring ABCD in the whele
source program, the user need only type FABCDY. The
Replace option is like Find, except that each specified oc-
currence of the string is seplaced by a second string given
by the user. Replacs includes an ogional verify operator
which allaws 1he Wser to say yes or no (o each replacement.
The Move option allows the uszr to move sections of text,
indic by an interval of line numbers, 1o & different place
in the source program. Copy is similar, except that the sec-
tion iof text ends up in both the original position and the
new position. Debete allows casy removal of several con.
tiguaais limes From the Leat, Insert takes a file from disk and
places it anywhere you want in the program being edited.
Show is a way of moving the window so that a certain line
number is a1 the Lo af the screen. Adjust is an casy way
to make the line numbers disappear so that the window
shoys the source program only. Fscape gets you out of
Command Mode and back 10 the Editor's menu, where you
can choose 0 save the source pr 1o clisk, print it, purge
it ar edit the same or anather program,

The Editos performs all line numbesing automarieally as
lings awrs entered and mainains these numbers in sequence
as lines arc added ordeleted. The uzer can refer 10 them
for operating on sections of the peogram; they also Appeas

Larrr system | TXMIRAY
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on the Assembler output listing, which is handy for
debugging.

T1 has incarporated mest of the features found in editors
for barger systems inta the 99/4A Editor. In fact, the abilities
1o edit at.the character, line, and group-of-lines levess are
nod always all available in larger editors. The only feature
miissing from (he 99/4A Editor is a variable right masgin—a
feature which is seally not too significant for Assembly

source programs. [Bul that would be nice for
word processing applications. since this editor already per.
forms 93% of what most people would meed for
respandence and document preparation, —Ed,|

The Assembler 5

The Assembler is a program which converts Assembly
Language source programs inlo object form—the machine.
language program that excoutes on the TI99/4A. The
ject program s written 1o disk. Ogiomally, o user can print
out or write an Assembly Language listing to disk.

The B9/44 Assembler is a lot like the 9900 Assembler,
TXMIRA, which runs on larger T1 systems. See sample
listing in Figure 1. A programmer who is familiar with
TXMIRA will be sble to write Assembly Language pro.
grams for the 99/4A without too musch difficulty since the
eame addressing modes arc used and most of the imstrue.
tions operate in the same way.

One big difference, 13 might be expected, is in the way

rogrammier Iandles input and output to the monitor, The
99/8A Editor/ Assambler package inclisdes thres groups of
in subiroutings, ar macros: (1) Utility Rowtines for ac.
cessing machine resources, such as screen 1/0; (2) Extend,
ed Ulilities, for acoessing routines built into the console
ROMSs and GROMs; and (3) Basic Support Uiilities for ac-
cessing the parameter ist in CALL LINK statements from
Extended BASIC. These utilities make it unnccessary 10 e
the CRU (Communications Regisicr Unit) lines to the
manitor, Under TMMIRA, all peripheral devices are ad.
dressed via g fairly complex arrangement of CRU lines. Each

form any input or eutput, On the 59/4A Asscmbler these
difficulties in handling the screen have been eliminated by
the Utility Routines. By Inading a few regiscers and invok-
ing the proper wiility, a programmer can handle screen L/O
in mmoch simpler way. Figure | has the code segments which
might be used for writing the character AB to the uppsr
left partion of the screen.

You can sce that the Utility Routines really make screen
handling easier: You ean focus your attention on merely
the VDFP RAM (the memaory associated with the 99/4A
monitor) addresses, and net have to worry abowt the logistics
of the mave, Furthermore. there is no apparent loss of ex-
ecution spesd in doing it this way.

Anather difference betwesn the 99/4A Assembler and
thase for larger T1 computers is that the IDLE instruction
i not implemented on the 99744, This causes no great dif-
ficulty, but it i weful to know. The 1DLE instruction just
causes the computer 1o wait for an inierrupt; this can be
done via anocher Utility Routine or other meane, depand-
ing om which device will cawse the intermupt,

The opticnal listing produced by the 99/4A Assembler
is quite complete. Stalement sequence membsrs, source
statements, and the hexadecimal code generated are all
shown clearly. A symbol table can also be given and, of
course, the number of errors is shown. Each error is alse
Magged in the body of the listing with a deseriptive %
Ome very nice—and all too uncommon—~feature is hat a
display of the number of ercors is on the menitor when 1
Assembler is finished.

Running and Debugging

Once a program has been input, edited, and asscmbled
with Ao errors, it can be loaded and run by choosing this
option from the menu. Anather meau option (RUN PRO-
GRAM FILE} allows the user to run programs which were

other Texas previously
assembled on your system,

The Editor/ Assembler package has a special debugging
utility called DEBUG, which cn be very helpiut in solating
Progrm errors. For instance, the commands in DEBUG
allow you to set breakpoints in your program. When the
Drogram hits a breakpoint and stops exceution, you can then
usz other eommands (o examine the contents of memory
lecations and registers, the Workspace Pointer, the Status
Register, ar the Program Counter, and if necessary change
ihem 1o alter the program's execution. DEBUG commands
will also allow you 10 search memery locations for 4 specific
value, or to search memory locations and pring those which
don’t have a specific value. DEBUG allows you to begin
YECULIE YOUT Drogram at any point you determine; com-
Bined with the breakpoiats, this allows you to go through
A progran: section by section. Allin all, DEBUG provides
@ good repertoire of useful 1ools which will make it easier
ta find ot why the program you wrate isn't working the
way you thought i would,

“apbal
| HEey

- PART 2: Fundamentals of Assembly Language
‘Programming on the TI-99/4A

I
16 caplore. fh
i e S o el
grams written in Asscmbly Langunge and BASIC,
Some Assembly Language Explunations
Belate examining some programs, it would he useful 1o
mention itics of the Th I

tm s Fhmio - e (s phws L2 preliminney Hoskcal T's
i f 199748 Il’!d
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cich contiriing 16 bits (one sk i A
grams define 16 contiguous words af memory for these
workspace registers and st the hardware register called the
Workspace Pointer 1o point to the first of these memaory
locations. Having © icters resident in
memary cather than in the CPU is one of the most power-
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ful features of the W00-family processors, In an Assembly
Language program, the hexadecimal numbers 0 Ihlmh F
sefer 10 the current workspace registers. (In addition,
Assembly Language option allows you Lo refer o AT
RO through R13, which makes programs easier to read.}

The structuse of the memory of the 49/4A is fairly com-
plex. The l()'ll.o'whlgc:p‘lmlal\.mu COVET CONCEPLS NCCESSATy
2] understanding the programs in this article, but they anly

n o scratch the surface of the memory structure.
CFU RAM {Radom Access Memory) sesides in the con-
and is directly addressable by Asscmbly Language pro-

grams. Workspace registers and other memory bocations,

well as the programs themsclves, reside in CPU RAM,
VOP {Video Display Processor) RAM, also located in the
console, takes care of the video screen. Sprites, colors,
charactes patterns, and the screen Image self all reside in
VDF RAM. Unlike CPU RAM, however, VDP RAM is
not directly addressable by Assembly Language programs.
VDP RAM s accessed through specifically assigned CPL
RAM addresses. This is called memory mapping. Locations
0 through >D02FF in VDP RAM conluin the séreen nage.
{The symbol =" means hoxadecimal notation;
>2FF=767 in decimal nosation) This means that
whatever characters reside in 1his section of VDP RAM are
visible on the screen. To change the screen, the program-
mer would place the desiced character codeds) into VDP
RAM at e corresponding location(s). VDP RAM loca-
thon & corresponds (o the home pasition (upper left) on the
sereen; location 48 (or = 30) corresponds 10 the position
called row 2 and column 17 in BASIC. Let's say you want
10 put an * on the screen af row 2, calumn 17. The ASCIH
wode for * is 42, or =24, and the desired VDP RAM loc
tion is = 30. You might be templed 1o use s MOVE (Move
Byte) instruction to accoarplish this, bt remenber, the VDP
RAM cannot be direcily addressed from your Asscmbly
Language program. To access VDP RAM, you'll nesd 1o
use a Utility Reutine. VSHW (VDP Siagle Byte Write) is
& rracro instruction which places the most significant (left-
most) byte of workspace scgister | ar the VOP RAM ad-
dress comained in repister 0. Therefore, 10 place the * at
fow 2, column 17, you'd write:

VERW UTILITY REFERENCE
L 0510 RO=YDP RAM ADDRESS
Lt 1.>2A00  RI CONTAINS * IN MSH

BLWP @VSBW  MOVE TO VDP RAM
Most of the ulilities use similar schemes of loading data in-
16 certain registers and calling the wiility by name. 1'll talk
more about some specific oncs laier.

The Game of Life
Life is & classic computer game. [1 is bused on the idea
ofa puwlnlinn which goes through life sycles 1o Form new
ons; cach position on the screen corresponds to
uﬂl m the populacion, Cells which are alive are filied in (with
asterisks in my example); dead cells are blank. The life cy-
cle, or rules of the game, are applied (o each generation 10
obtain the next generation, and fhen the new generation is
displayed on the sereen. The rules of the game detesmine
birth, death, or survival of individual cells, and depend on
the sate of cach coll's & neighbors (adjoining cells, con-

Copynghs © 1D Emersid Valay Publahurg Ca.

sidered horizontally, verically, and dingonallyh as follows:

L. A live cell with 2 o7 3 neighbors survives 1o the next
generation.

2. A live cell with 0 er 1 neighbor dies of loneliness; a live
cell with more than 3 neighbors dies of overcrowding.

The rules are applied 10 a generation as a whole, before the
nest generation is displayed. Depending on the initial
population, you may see a cotony which gocs on changing
forever, one which dies eul of becomes siatic after a few
generations, or ane which escillates among a few patierns.

There are a Few restrictions on my implementation of Life
which should be explained. First, 1 have defined the initi
population in the programs, whereas other versions might
allow the user to enter the initkal population on the screen
at the beginning of the game. [n order 1o be surc the col-
ony does not exceed the size of the 99,4 sereen, which
is 32 % 24, 1 have forced the border (rows | and 24 and
columns | and 32) always 1o remain blank. This means thal
when the colany becomes lasge it may lose its symmatry as
oae side of the colony hits the border.

“The two programs which follow are in BASIC (Lising
1) and in Assembly Language (Listing 33, Both follow the
same strategy: disptay the inltial colony, calculae the next
genceation by considering the neighboss of each cell in fum,
lear the sereen, display the new generution, and loop back
to calculate the nest generation. The Asserbly Langunge
wersion uses ane byte 1o represcat each cell; the BASIC ver-
sion uses one entry in array SCRN for cach cell. At the start
of each generation, live cells contain the value 1 and dead
cells contain 0. During the calculation of the next genera-
tictt, @ cell can have the values O through 3 as follews:

0 = cell i dead and remains dead for the nest generation
1 =/ Tive cell survives o ihe next generation

2 will be borm in (he fext generation

3 = five el e peneratian

itis mecessary 1o have these four possible values during the
caleubation so that the program can have the information
about the current state of cach cell while caloulating and
storing the next state of each cell, Just before the new
eneraiion is displayed {or not displayed if dead), the values
o the cels aze reset ta or | by means of the arra

I examining both versions of Life which follow (Llam,u
1 and 3), you might wonder why enyons would s the more
esoferic Assembly Language over the casier4c-understand
BASIC. The answer is simple: specd. On the %9744, the
BASIC program Lakes 2 minutes and 26 seconds berween
generations; the Assembly Language program takes Jess than
one second! The BASIC version is no fun a2 all 1o watch,
whereas the Asssmbly Language program peovides fine
enterainment. [The use of the Lility Rnunne\lMBWﬂ‘ﬂP
Multipie Byte Write) in the Assembly language ls partly
respomsible for this speed, [t shows each new genération all
at once. And fortunately, the monitor progrim is smar
cnough 1o capitalize on this by showing enly (he changed
portions of the screen, tather than re-drawing the whole
sereen each time. I [ast cnough, the human brain's *'pers
sistence of vision™ allows us (0 see individual frume of mov-
ing images as continuous mither than discrete piclures—
[hm making realisii animasian sequences truly passible.—

Ed]
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Using Assembly Language to Move Sprites

The abillty 1o create sprites which move nurematically i
oneof the best features of the 99787, Sprites can be used
In Extended BASIC and in Assembly Language programs.

VDP RAM has several arcas dedicated to sprites. The
Sprite Attribute Block, which sives the sprite locations, sprite
numbers, and colors, starts ar address > 300, Each entry in
the Sprite Attribuic Block occupies fout bytes. A ferminator
byte with value = 0D denotes the end of the Sprite Attribute
Block. The Sprite Diescriptor Block contains the sprite pat-
terns (shapes), with 8 byics for each possible sprite. Alshough
the Spritc Descriptor Block starts at VDP RAM address 0
by default, we have alrendy seen that VDP RAM locations

through = (2FF are used for the sereen image fable, and
Tocations 0300 through >03FF for the sprite Adribule
Block. In order to avaid writing over these arcas, ihe Sprite
Deseziptor Block usually starts at location = (400 for prac.
tical purposes, The entries in the Sprite Descripior Block
are defined 1o correspord 16 prite numbers siarting ar O
and aceupying & byies each; therefare the entry at Incation
>0400 is for sprite number >80, Thus In Assembly
Language programs, the bowest sprite number s usually
=80, The Sprite Motion Table, which gives the x- and y.
welocities of defined sprites, resides a1t VOP RAM location
0780, Each entry in tse Motian Table occupies Four bytes,
the last two of which are for system use. The Sprite Mo-
tion Table is filled only if automatic motlen is to be used.
An Assembly Language progsam could move the spritcs
{ren-automatically) by changing the x- and y-docations of
the sprites in the Sprite Atcribure Block. But the system is
able ta move the sprites for you vin an interrupt processing -+
routine: Each time o VP intermpd oceurs (60 times per
second), the interrupd processing rowtine moves any cligi-
ke sprites according to the Sprite Motion Table. In order
to make usc of this facility, the Assembly Language pro-
wram must also load the number of moving sprites at CPU
RAM sddress 3374 and enable the VD lnerrupts,

Assembly Language vs Extended BASIC

You are probably thinking that this sounds like a lot of
work to ackieve moving spriles, especially compared 1o the
simple CALL SPRITE statement of Extended BASIC.
However, there are times when an Extended BASIC pro-
gram s inadequate. Coincidence checking in Extented
BASIC is not as respoasive to velocity changes as you might
like.

The programs which follow (Listings 2 and 4) illustrate
Assem! can be used [0 overcome these

deficiencies. The program simply moves o target from left
to right on the screen while shooting an arrow from the toge
of the szreen (o the bottom. Both sprites wrap around the
sereen, Whenever the amow hits the target, the spiites stop
mving, the tarpe changes (o an X, and the program delays.
long enough to make the blow-up visible. Then the program
atarts over. The Extended BASIC program relies on CALL
‘COINC to deseet hits, You'll notice, however, that the pro-
gram doesn't seem 1o detoct all hits. The Asscmbly v
pragram can stop the action by disabling the VDP inter.
upt while it checks for coincidence by comparing the loea-
tons of the arrow and the target frcem the Sprite Atribute
Block. Moareover, the Asserbly Language program can
check the point of the arrow against the tasget instead of
checking the upper klthand corners of the sprites.

0___The Bosc of 99%er | Volume 1___

Because of these differences, the Assembly Lanpuage pro-
£ram appears Lo delect more hits correetly, OF course, this
slop-mation processing must slow down the motios, but
it s ot noticeable to me. (One indication of the speed of
Asszmbly Language program execution is the large mmber
of statements executed in LODPZ while the hit shape brief-
ly remuins on the screen.)

Anather shoricoming of the Extended BASIC version is
thai ihe hit shape appears quite & bit 1o the right of its ac-
mual position when the hit occurred. That is because the
sprites have continued to move whilc two BASIC statements
(lines 190 aid 200 arc interpreted and executed. The
Assenbly Language version has already stopped (he mo-
tion by disabling the VOP intersupt program via LIMI o
it docsn’t start the motion again until after the kit sequence
Is eomplete. Thus, only the Assembly Language program
actually shows the blow-up in the right place on the screen.
Understanding An Assembler Listing

The Asscably Langunge fisting (Figure 8 was output by
the 39/4A Assembler. You'll notice that the Assembler has
added a page number and shart title at the top of each page
and added a cross-teferense it and mumber-of-errars-
found-during-assembly message 1o the end. The erass.
reference list shows ihe location of the symbals wsed in the
‘program relative to the beginning of the program, The linc
numbers in the first column wers supplied by the Editor
when the program was input and passcd along by ihe
Assembler. The second column of the listing shows the
refarive memory lozation where cach statement or dnka ares
will reside during program execution. Tise third column was
abo supplicd by the Assembler and shows the machine
language generated by the Assembly Language statement
to the right. The machine language (or objecr code) is ex-
pressed in hexadecimal nofation with ane word per line. The
Assembly Language source program (or source code) itself
starts in the fourth eolumn, which contains the labels, The
fifth column containg the source program opeadss, and the
sixth column containg the operands. The seventh column
containg comments, and other comments are sprinkled
thraughout the program with asterisks in column £, Oniy
the faurth through seventh columns comprise the Ay
Language source program; this i the only part entered by
ifie programmer. The Assembler generates the rest.

The Utility Routines VMBW, VSBW, VWTR, and
VMBR ate used in the example program. The VOP Muli-
ple Byte Write (VMBW) rhioves the number of byies in
tegisier 2 {R2) from the CPU RAM address in R1 o the
YDP RAM address in RO. VSBW, the VDP Single Byte
‘Write routine, was expiained earlier. VP Write To Register
(VWTR) puts the value that is in 1he rightmost byt of R I
into the VP register whose number is in the lefimost byte
of R1. Among other things, these YDP registers are used
to seloct VDP modes and fearures, VMBR i the VDP Mu
ple Byte Read routine, which reads the number of bytes
specified in K2 into the CPU RAM lacation in R1 from the
VDP RAM location in RO,

The lagic for detecting hits in the Assembly Language
program I3 based on the fact that the point of the arrow
£ thre phiels 10 the right and seven pixels below the corner
of the sprite which is obtained from the Sprite Attribuic
Block. 3
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Conclusion

Alihicugh they are more comples to write, Assembly
Language proprams are far superior  BASIC programs
whien it comes 10 evecution speed and for controlling Lhe
faciities of 1he $/4A computer. In some cases, a6 in the
game of Life, the fasier speed of Aswmbly Language 1urns

Listing 1 Life

H) |

e Contuint AL

aboring game into one which is funto wach. In orher ceses,
ain the program SHOOT, Ausembly Language is capable
of providing more accurate resulis. Thus, having the
capability to wrile programs or subroulines in Assembly
Language k13 ¥ou achicve resulls which are impossitle with
BASIC and Extended BASIC along, -
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Life continued

Listing 3
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Listing 2 Shoot an Arrow
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ing 4 Shoat an Arrow continued
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Assembly Language

The Hard Way

ike many other S9%ers, 1 was znxious 10 Teceive the

I long-awalted Editor/ Assembler package. 1 remember

the excitement of unwrapping the 470 page manual

when it arrived—and the sinking feeling when T read, ' This

manual assmes that you already know a programming
language, preferably an asscmbly Janguage

My anxiety grew ns | thumbed through i—there were no.
plctures, cantoons, or fillinethe-blank examples. It did say,
*'There are many line books available which teach the basics
aF assembly language.” So | called the local computer stores,
The only books they were aware of, however, also assurmed
familiarity with basics,

T guess 1 had some fuzzy idens about assembly language
in the back of my mind: 1 was gualitatively different from
higher level languages, requiring &n in-depth knowledge of
digital electronics and a eapacity for the most d:lmlu:d sort

i thought. In med

maore difficult. . .

And my experience thus far seemed Lo confirm my worst
fear, Learning assembly lunguage presumed u prior
knowledge of assembly lunguage; it was net merely
dlﬂ'leull—;( was impossible. After running Tombstone €i-
a few times and typing in Pat Swift’s Life program (Sec
‘undamentals of Assembly Language Programming, Fare
3, 1 put the Editor/ Assembler on a shelf thinking maybe:
I'd learn shout it gradually over the net year or fwo.

B would stil] be there gathering dust wese it not for a back
injury that kept me flat on the floor, unable to do anything
except read the manaal. [ was surprised to discover that
writing an assembly langunge program is similar to, and in
some respects simpler than, writing a program in BASIC.
A Tew programming context or conceptual model is re-
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quired, But to ms:mm 1 found that this picture could
ke pri ¢ many over-simplifications and
approximations.

The picture | developed enabled me o successfully for-
mulate and execute a simple programming objective, The
program and associated underlying concepts are presented
here to facili:m the learming process for others whao, Tike
me, fin to overcome preconceived notions abowt
herw m{rcuh assembly language is. The program should ot
be taken s @ model of exemplary programming technique;
& this point my eonzeption of *'good programeming” is pro-
gramming that werks . . . period, You will undoubtedly be
#ble to find ways ta improve (his one—to make it work
faster and wiilize memory more efficiently—and in o do-
ing, Further develop the concepts pr .

En TMS9900 Assembly Language, four video display
modes are available: Graphics {or Pattern) Mode, Text
Mode, Bit-Map Mede (9944 only), and Muliicolor Mode.
In Multicolor Mode, the screen is divided into a grid 64
48, with each box measuring 4 pixels on a side. Each box
can have a color aswsigned 10 it.

The program allows ute of a jopstick to meve 8 Nashing
cursor on the screen. Whenever the fire button is depress-
edl, the cursor leaves a trail of small, colored boxes. The
fellewing single key commands are available:
C—Change Color. Displays a color palette and pointer.
Miwe Lhe pointer (o the desired color with the joystick. Press
Lhe fire buztton 10 make that the color of the boxes, of press
the © key to make it the color of the screen background.

S—Save Screen. Saves the current contents of the screen
s DSKISCREEN,




R—Recall Sergen. Loads the conrents of DSKLSCREEN
for subsequent modificatien,

E—Frase Screenr, Erases the screen contents.
T—Termimate. Rewurns ta the Master Title Screen

In order 1o wnderstand how the program works, it wil
be helplul 1o differentizie two systems. ¥eu prabably know
[ Central Processing Usit (CPUY inthe Home Com-
puter is the TMS9900. It has three buili-in 16-bit **hard-
ware™ reglsters the Program Counter, Workspace Poimer,
and Starus Registes) and makes use of sixfesn workspace
sepisters located in scad-write memary. Because these 16-bit
workspace segisters are not located on the ehip, they are
culled “software* registers. The CFU can dircetly address
the read-write memory (RAM) in the Memory Expansion
Unit and CPU scratch pad, as well as RO in the consols,
Command Cartridges, and various peripherals, However,
is cannet directly address the 16K of RAM built into the
console, - X

The 16K RAM block is addressed by anathes
smicroprocessor—The TMSS916 (or 9918A if you have @
Us4A), This Video Display Procesor (VIIP) has eight §-bit
hardware rers andl four B-bit software regisicrs. The
safiware registers are located in read-wrile memory loca-
tions which can also be addressed by the CPU. The fact
that these four bytes can be addressed by both the CPU
and VP makes i possible Tor the CPU and YDP systems
1o teansfer data back and forth, The CPU addresses of the
registers—BR00, BBL2, BOOO, BCO2—are assigned respectively
w0 the symbols VDPRD (VDP Read Data Address),
VDESTA (VDP Read States Register), VDPWD (VDE
Write Da Address), VDPWA (VDP Wiite Addsess).

We don't have to be concerned with the details of mov-
ing data to and from YDP RAM and 1o VDP regicters,
however, thanks to some of the bulli-in programs called
utilities. The five utilities of use are idemified by the sym-
Dbols VEBW, VMBW, VSBR, YMBR, and YWTR. The
respective [unciions of these programs are VDP RAM:
Single Byze Write, Multiple Byte Write, Single Byte Read,
Multipte Byte Read, and Write to Register, User workspace
registees are used 10 pass parametcrs—e.g.-. the number of
Tytes 10 rend oF write—to the utility.

The standard wtilizaion of YDP RAM in the
Editar/Asssmbler is shown on Table 1. The biocks involved
in the multicolor mode are the Screen Image and Pattern
Descriptor Tables. Hefore entering multicolor mode, the
Screen mage Table is initialized. The 768 bytes of the table
are divided imo six 128-byis sets. Each set is further sub-
divided into fous 32-byie groups. To Initialize the table, the
qurmlsers 1-31 are written in order into each of the four
12byle groups in the first setz 0, 1, 2,. . . 31 four times.
The the numbers 32-61 are writien four fimes into the next
128-byie se1, This process ks continued wntil the numbers
160191 are written four times in the sisth 128-byte set, In
fy program, | didn’t want this process to be visible on the
sereen, 50 1 first put the display in Text Mode and made
the foreground and background solors gray.

Once the Screen Tmage Table is initialized, color boxes
are placed on the screen by means of the Panern Descrip-
tor Table, Each 4 4 pixel box on the screen cormesponds
1o hali a byte in the Pauern Descriptor Table. To plocz a
colored box on the screen, the appropriate color sode is write

Table 1 VOP RAM ME. JAY
—Editor/Azsembler—
adur Lenqih
First of Black, Contents
Daclmal Byles
0 765 Soreen Imaga Table
768 ‘38 Sprile Attribute List
898 128 Color Table
W24 96 Sarite Descripior Table
1820 128 Seiie Mation Tosle
2048 2048 Pattom Desceigtor Table and
Paripharal Access Blocks
v 10198 More Fenpnomi Access
Biocks and Buffers
W5 >30T 2069 Aeserved o Diskotts Device
Sorvics Aoutines
8383 SAFFF . L

Tatal 16324 Byins

ten in the nybble (4 bits) in the Patern Descriptor Table
which corresponds o (he desired sereen position.

The first eight bytes of the Pattern Descriptor Table cor-
respond 1o the boxes in 4 column beginning in the upper
Jeft corner of the screen. The first four bits in byte #1 con-
Jain the color of Le box in the extreme upper left comer.
and the last four bits the calos of the box immediately (o
the sight of the first box. yle #2 contains the calors of the
1wo boxes immedintely under the firss two, and so oa for
the first eight bytes.

The ninth byte in the table contains the colors fos the pair
of boxes in a new colunsn beginning again at the 1op of the
screen. Subsequent bytes follow this patiern correspanding
40 32 columns of box pairs with cight pairs in cach column.
“This proup of 256 bytes thus takes carc of the top siath of
the screen

The 287 byte correspands 1o the beginming of & new
column of box pairs starting agas on the lef side of the
sereen. The six 256-byte roups thus correspond 1o the 3,072
possible boxes in multicolor mode. [Since the color of cach
box s indicated in & name table in memory, and the names
are mapped onto the screen aceording 1o their position in
the 1able, this multicelor meods is a true memory-mapped
configuration. 1t does, however, trade off lower resalution
for colar memory-mapping capability, but the high-
sesolution sprites are still available. For an explanation of
sprites and an intre<duction (o the high-resolution bit-map
mode, ses 3D Animation”. ]

In the program, & double-size sprite provides o reference
polnt for determining where boses will appear. The dot row
and dat column of the sprite can be determined at any time
Ty referring Lo the Sprite Attribute List in VDP RAM. Then,
since boxes are suppased 18 appear in the center of the sprite,
the screen location can be calculated by adding § to the dot
row and det column, which represent the spirite's upper lelt
corner. But in order to find the corresponding location in
the Pattern Descriplor Table, a Few mare calculatons must
be performed.

Hwe le R and € be Use dot row and dot eoluma desired
far the box location, the number of complete 256-byte
proups above that location is the integer quotient of R/32.
Multiplying that number by 256 thus gives the first compo-
neat of the offset in the Patiern Descriptor Table.

Similarly, the integer quoticnt of C/B gives the number
of camplete 8-byte columns to the left of the location. Sa
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that number is multiplied by & and added te the offsct,
Dividing the remainder of R/32 by 4 gives the aumber of
Byiesabave the location n the £-byte olumn the location
isin. Adding that to the offset gives the offset for the byte
in the Pattern Descrintor Table,

But we still have to know if the desised location Is the
maesd oF least significant nybble of the byte, and to deter-
mine that we can divide the remainder of C/8 by 4, 1f the
integer quotient is O, it's the beft nybble: if 1, it's the sight
nyblie, The appropriste color code then need only be placed
In the correst nybbie leaving the other one unchanged), and
ihe'box appears just where It should.

Let's consider an example: Suppose the upper left cor-
mer of the sprite were at dat row 83 and dot colemn 147,
The center of the sprite would then be ar 91 and 155, The
number of complete groups (32 columns with § bytes in
cach) above that locasion is 2, iLe., INT{91/32). Sa the in-
itial component of the offset is 2 * 256 or 512 bytes, The
number of S-byte columns ta the ket of the tion is

= INT{155/8) o1 19. That makes the offset 531. Above the
location, in its &-byte column, there are & es—i.e,,
[(remaiider 1/32)8)—giving an offset of §37, The re-
mainder. of 1358 5 3, and INT(3 .} is 0, 50 the aybble of
interest §s the mds significant (left) one of the S39h byt

of the Partern Descripter Tablz,
Mo Tet's take & briof look at the source listing. The first
secticn consists 6f a number of assembler directives, The

DEF dircer kes the symbal MARKER available to
othiet programs, and the REF directives make several wtilifics
availidble Tor uke B MARKER. Then there is a variety of

other assembier directives, The simplcst type is EQLare,
which assigns a constant (o a symbol &t Assembly tiane,
USRWS, for >20BA, (8378), and that value replaces the
wherever it appears in an operands the Label may
subsequently be substituted for the aumber,

Volume 1
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The mnemonic BSS stands for Block Starting with Sym-
Eol. This directive causes the assembler to advance its loca-
tion coumter without writing anything into the object pro-
pram. It leaves an emply area (of the number of bytes.
specified In the operand) which em then be uted as 8 starmge
space for data fater o The label is set equal e the memary
Bocation of the first byte in the Block at the tims the object
program s leaded. (Since this program is relocasable, the
Place where the loader program decides o start loading it
may change, depending on what other programs have
already boen foaded.

The DATA, BYTE, and TEXT direstives arc similar 10
BSS except that the contents of the buffer are explicitly
defined in the operand field. The fabel is assigned the ad-
dress of the first byte at the time the object program is load-
ed. All of these buffer areas are contiguous. For example,
look at the instructions immedintcly after the Fabel
MARKER. The pattern codes for twa doublesize sprites,
ihe cursar and arrew, are loaded inta the Sprite Descriptor
Table in VDP RAM. Since the pattern data for ARROW
& comtiguous with that of CURSOR in both CPU and VDP
RAM, all 64 bytes can be loaded in one shat,

You should have little tsouble figuring aut the rest of the
program by reading the comments provided and referring
10 the manual, Bul don't stop afier you understand how
it works—iry to make some changes. To start with, try
changing the shape and colors of the sprite cussor, the
£angement of the elor paletie an the sereer, <lc. Then iry
1o make the prograns more efficiznt in speed and wriliza.
tion of memory.

Be prepared (o run into problems:; it theough encounter-
ing and solving them thar you'll lesrn most rapidly, When
1 decided to stop reading and start irying 1o writc a pro-
ram, | had visions of seing a curl of white smoke rise from
the computer’s cocling vents, but that didn't happen 10 me
and probably won't happen to you cither. So don't be afraid
tos experiment, @
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MEMORY

CARTRIDGE

There's More There
Than Meets the Eye

au know, leoks can be deceiving. Who'd suspect

Y a1 & bespeetacled, mild-mannercd reporter for
the Duily Planet could leap over tall buildings with

o single bound? In the same way, there’s more (o T1's

Mini Memory Command Cartridge t
What appears 10 be & normal, garden
Cartridge, however, really converts your Tl Homs Com-
puter from a good BASIC machine to a trim and effi-
cient assembly language instrument.

Even the name is a clever disguise

~varicty Commant

Mini™ Memery,

indesd! 1f you believe that theres just o tiny bit of
memery in there, you probably believe that the Trojan
i an hiby-horse!

Harse was

This cartridge actually has 14K bytes
RAM, 4K of ROM and 6K of GROM.

RAM (read/writs) memory is used by your computer
to store your programs. And you know that any program
you write disappears {rom the campuier's memory when
You shut the computer of f, But Mini Memary hns asure
prise for you: When you shut the computer off and
Tplug the cartridge, your programs don't disappear

af memory: 4K of

from the cartsidgs's RAM. A banery inside the cartridgs
feeds B trickle of current to the CMOS devices—which
are real power misers—and keeps them alive. And now
you can earry your programs around wilh you. plug them

in, and instantly Joad them—no casselics, o disketies,

no messy eables, f0 long waits.
‘it there's more yet, Besides bait

¥
also has 4K bytes of

routines from aseembly languags o

~packed RAM, this

cantridge ROM (Read-Only Memory)
and 6K bytes of GROM (Grap!

hics Read-Only Memory).
The ROM and GROM pive you seven additional TT
BASIC subprograms, ns well 6s access to many system

ograms, The ROM

e coninins a powerful program dcbugger, EASY BUG,

' which infest program

s,

At this point, you may e saying to yoursell, W hat

e extetminate those pesky *logis

50 does ol this Assembly Language access and debug-
{ ing suff do for me, anyway, without an assembler?’”
lad you asked. The Mini 0 ory Command Cartridge
womes with an assembler <o

aswembler 0 memory

Fselte.

You can foad this

assen W' language

ratements, and have the assembler ranslate them inte
TME9900 object code.

Let's explore Lhis cornucopia ong item at a time.
FILE STORAGE

‘Probably mest persons will wse the Mini Memory car.
1ridge most aften for temporary storage of programs and
data. You can think of the Mini Memory cartridge as 8
wery [ast.access sLOTAEE device. [See "Getting Down 10
Business™ for a tutorinl on random access files.—Ed.)

When you have the Mini Memory Command cariridge
plugged in, the 4K-byte RAM has the file name
RINIMEM Tor TI BASIC program and data siorags, Th
RAM occupies physical sddresses 28672 through 32767
fhexadecimal 7000 through hexadecimal TFEF). You sin
save programs in this fite and load programs [rom i. (For
example, 1o save a T1 BASIC program, just cnter the
ommand SAVE MINIMEM.} You can also siorc daia
n thi File using the file specification available for any
Tt BASIC file. For example, the foliowing statements
open the Mini Memory file and store data values in the
file.

OPEN #3 :'MINIME! A" RELATIVE FIXED,

UPDATE,INTERNAL

PRINT #3: A.B.C.D

With the Mini Memery cartridge you gan also acecss
asccond new file, EXPMEMZ is the name of a 24K -byte
Tnemory File bocated i the 32K Memory Expansion unit-
EXPMEM2 is available, hewever, only if you have the
Merory Expansion unit onnecied to your computer and
turned on.

ADDITIONAL TI BASIC SUBPROGRAMS

Seven additional TI BASIC subprograms are yours
with the Mini Memery cartridge. These subprogeams aze
PEEK, PEEKV, POKEV, CHARPAT. INIT. LOAD,
and LINK.

The PEEK subprogram reads bytes of CPU RAM data
and copies the data directly into T1 BASIC variables, For
example, the statement:

CALL PEEK (8192.A.B.C.150}
reads three bytes of data starting at addiess 8192, and
awsighs the values read o the vasiables A, B, and C(E).

e PEEKY subprogrum reads bytes from VDP RAM,
11 works exactly like PEEK, except PEEKY aceesses VOP
RAM instead of CPU RAM.

The POKEY subprogeam stores data valucs into YDP
RAM. Fer example,

CALL POKEV(TES,30,30,30)
writes the value 30 to VDP RAM tocations T84, 785, and
TR,

Y Fomerabh Wik Puiing U




The CHARPAT subprogram reads a W6-characier pat-
tern identifier that specifies the pattern of & character
code. For.example,

CALL CHARPAT{68,D3%)
places the pattern defining character code 68 in the siring
variable DS.

Tl thres T1 BASIC subprograms INIT, LOAD, and
LINK inierface Assembly Language programs and TL
BASIC programs.

The INIT subprogram initializes the CPU memory for
Assembly Language programs. The LOAD subprogram
loads Assembly Language object files into CPU memory
and it loads data inte the CPLU memary.

“There arc two forms of the LOAD subprogram. One
form is used 1o load an object file from a siorage device
into memeory, and the second form is used 1o load data
directly inte CPU memory. For kxample, the statement

CALL LOAD ("DSKI.DEMO™)
ioads the fite DEMO from the diskeite in Disk Drive 1.

The second form of the LOAD subprogram is a POKE
fungtion for CPL RAM. For example, the statement

CALL LOAD (8197,85,40)
loads the value 85 into memory location 8197 and the
walue 40 into memory location 8198

The LINK subprogrim passes control and, optional-

Jist of paramcters [rom a TI BASIC progeam Lo an
mbly Language program. For example, the statement

CALL LINK (""PROGI',AE(9)
passes conteol from a T1 BASIC program to an Assembly
Language program named PROG! and passes the
wariables A and E(9) to the program,

ACCESS TO SYSTEM ROUTINES

The utility routines resident in the Mini Memory Com-
mwand Cartridge can be called from an Assembly
Language program to access machine resources and in-
serface with the TI BASIC interpreter. 1t's Fair to warn
you that the use of these routings requires & knowledge
he routines themsclves and the organization of data
used by the routines. You can get additional information
albou these routines from the Editor/ Assembler owner's
manual (available separately).

Wo kypes of Becess programs ere resident in the Mini
Memory Command Cartsldge. One program contains a
callection of system wilitics with which to link to
ROM/GROM routines, perform a keyboard scan, access
the VDP, etc. The individual uility programs are
classified as cither Standard Litility programs or Extend-
ed Uility programs.

secand program contains T] BASIC interface urilitles
with which an Assembly Language program can access
variables passed through a CALL LINK siatement in a
T1 BASIC program. This pregram akio contains an e
kandling wtility to return exceptions o a TI B,
Program,

STANDARD UTILITY PROGRAMS
‘The following standasd system wilities become aceess-
Ble with the Miai Memiory Command Carridge:
—VDP Singk Byte Write—Write a single-byte value o
a specified VDP RAM address.

Coppight © 1943 Lrassid Vitey Pbkabing Cs

—VDP Multiple Byte Write—Write multiple bytes
from CPU RAM 10 VDPF RAM,

—VYDP Single Byte Read—Read » single byte fram a
specified VDP RAM address.

—VDP Multiple lyte Read—Read muliiple bytes from
VDP RAM into CPU RAM.

—VDP Write 1o Register—Write single-byte value 1o
any of the VDP RAM regiviers.

—Keyboard Scan—Sean the keyboard and return a
key-cade and stanus, This routine can also read the
position of the Wired Remote Controller.

EXTENDED UTILITY PROGRAMS
Exrended utilities are provided to access routines in the
console GROMSs and ROMs, These ulilities are GPLLNK
tlmk e GPL routings in GROM), K {link 10
rautines in ROM), and DSRELNE [Ilnk 0 D:vlw Service
Routines)
GPLLNK Routines
The GPLLNK routines are as follows:
—Load Standard Charagter Sﬂ- Load the vandard
chagagter 361 into
~—Load Small Character Scl—Lnad the small
character set (for the d0-column Text Mode) ino
VDP RAM
— Execute Power-Up Routine—Initialize the system as
if the computer had just been turng
—Accept Tong— Issue an accepiing lane I'nr inpur.
—Bad Response Tone—Issue a Iusl-m:pnme Lone
warning.
31y Revesal Routlne—Provide a miror image of
byte of information.
—Cassenie Device Service Routine— Access 3 casselle
taps recorder/player a3 a storuge device.
Lower Case Character Sel—Load the
lower-case characier set inte VOP RAM.
The follawing floating point routines are also available
through GPLLNK:
—onvert a floating-point number toan ASCHI siring.
—Compuic the Breatest integer contained fn a value,
—Raise & number 10 a specified power.
—Compute the square oot of a number,
—Compute the inverse natural logarithm of a valvs.
—Compute the natural log of 3 numbsr.
—Compute the cosing of a number.
—Compute the sing of a number,
—Compute the tangent of a aumber.
—Compute the arctangent of a number.
XMLLNK Routines
Routines in the console ROM can be accessed through
the XMLLNK routine. The following rowtines can be
called from an Assembly Languege program uting
XMLLNK: #

~Floating.point addition
—Flaating-poial sublraciion.
—Floating-polnt
—Floating-peint
—Floating-point compare.
—Floating-point stack addition.
—=Floating point stack subleaction
1 stack multiplication.
nt stack division.,
—Flonting-paint stack compare.
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—Canvert a siring to a number,
2 floating-point format number 1o an integer,
—Push a value onto the value stack,
~Pap a value from the value stack.
—Caavert an integer number (o foating-point format.

DSRLNK Routines

DSRLNK links 8n Asszmbly program o a
Device Service Routine (DSR) or a subprogram in RGM.
As witk GPLLNK and XMLLNK, TI cautions you to

s
system,'" the TI-09/4A did not have to be designed to
antieipate future peripheral requirements —Fd. ]

Tl BASIC INTERFACE UTILITIES

TI. BASIC imterface uilities allew an Assembly
Language program ta read or assign values to variabler
prssed in & parameter list from a CALL LINK stasement
in a TI BASIC program. Thesc utility routines include
arguement-passing utilitics and an error-reporting utility.

can seport any cxisting TI BASIC error or wasning
message upon returning to T1 BASIC,)

EASY BUG DEBUGGER s
Also inside the Mini Memory cariridge’s ROM s
EASY BUG. EASY BUG is a versatile progeam develop-
ment tool with which you can (1) debug your Assembly
€ programs, (2) access the Input/output ports of
the camputer, (3} load programs, and (3) storc programs.
And it really is eacy to use. With EASY BUG, you can
inspect and (optionaily) modify the contents of CPU and
VDP memory, display the contems of ROM, run
Assembly Languags programs from EASY BUG, directly
access the peripheral devices which are connected 1o the
computer via the 9900 microprocessor’s setlal 170 port
(the CRU), and save or load programs on cassetle.

LINE-BY-LINE SYMBOLIC ASSEMBLER
A line-by-i bl &

on s
supplied with the Mini Mcmory cartridge. It assembies
Assem| statements and stores the object cade
directly into the 99/4As CPU RAM, You can make bath
forward and backward references to one- or Iwo-
character Inbels with the Assembler. Each source state.
ment you enter i immediately assembled inte object code
and stored into meaory. Because some source code is re-
tafned in a minc-page text buffer, yeu can seroll the scroen
[orteview freviousty entered Tines of source cotic by fress-
Impithe upeand dawn-areew keys, The source program

wever.
-Assembler occupies about 2K Wlﬁ(

—The ADRG (Absolute Origin) diractive establi
the location counter value 1o set the starting ad
of assembled code,

—The BSS (Block Starting with Symbol) directive re.
serves a block of initfalized memary,

—The DATA (Data [nitialization} directive Initlalizes
a word or words of memory to & speeiflc value,

==The END (End Program) directive terminates the
assembler and causes a display of the number of
unresolved references, if any.

=The EQU (Equate) directive defines a value for a
symbolic constant,

—The SYM {Symbel Table Display) causes a display of
all symbols and their values in the program.

—=The TEXT (String Definition) directive causes a
string of characters 1o be trandated inta their ASCH
code and stored s a part of a program,

[Rather than being strictly a part of the intesnal logle
of your program, assembler dizcctives are commants
which direct the Assembler to perform certain cperations
at assembly time.—Ed
DEMONSTRATION PROGRAM

Along with the Line-by.Line Assembler on the cawetic
is an Assembly Language demonstration program called
LINES which draws a colorful line design on the screen.
The LINES program can be run only on the T1-99/dA.
Home Computer, however, because it requires the
enhanced graphic processor contained on the T1-99,/4A.

OPERATION

T has a knaek for creating complex and versatile pro-
grams that are still simple to operate: they've definitely
done it again with the Mini Memory Command Car.
fridge. When you plug in the cartridge, turn on the com-
puter, and pass the apening credits on the Master Title
Scrcen, you are presented with a simple, threechoice
selection screen. You can choose T1 BASIC, EASY BUG,
of MINI MEMORY.

IF you select MINIMEMORY, you are presented with
a second threecholce selection sereen, You ean choose
to Ioad an object program into memary and run it, nan
8 previously loaded program atready in memary, of re-
initialize the cartridge to prepace it for loading new pro-
Brams of storing data. Pick a number, pluck a key, and
you're off and running. It's as casy as eating oatmeal
cookles! . "

CONCLUSION -

This has got 1o be ane of the best deals around, 4K
bytes of RAM with battery backup assure that all the
good stuff stored in the RAM is not lost when ¥ou turn
off the cansale or even when you remove the cartridge.
10K bytes of ROM and GROM give you seven additional
Tl BASIC subprograms (ineluding PEEK and POKE],
RECCLS 10 SPMOM routines from Asesmbly Landuige) s
rautines to allow you to interface Assembly Langpuags
Rragrams to TI BASIC: You'vt ot a user-frienaly fro-
#am debugger, a symbalic lineby-lne seschbler,

5

a3
“Flie Ling:bysLine
‘When it is loaded dnto the Mini Memory ge
Tryte RAM, you still have about 2K bytes of memory for
your Assembly Language program,
Assembler Directives
The Assembler recomnizes seven dircctives:
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a capti graphics program. All of
this, plus 84 pages of documentation, fer 599,08 (sug-
gested retail price). With all this to offer, it's really not
160 hard to see why therk's definitely more to the Mini
Memory Command Crrtridge than meets the Teeye . [ ]
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A Screen Printing Utility

I = =
PART 1: Design Considerations

is its graphics capability. The programmer an

create o huge variety of screens by using the sim-
ple character-definition commands of T1 BASIC.
Wouldn't it be nice 10 dump those Screens 10 your non-
thermal printer? This two-pan article presents a mathod
for doing this e TI.9974 impact printer. Part |
discusses the theory behind the sereen dump. Part 11 will
provide (he Asscmbly Language subrouting itsell.

1 shouid mention (hat the 39/4A has an improved video
processor (TMS991BA) which allows you to definc up to
743 unique characters on the screen. However, this bil:
map mode requires an extra 12K of memory 10 hold the
Iarger tables needed. We'll limit ourselves to the Graphics
1, or standard mods, in this discussion.
Approach—in English

The video screen contains 768 characicr positions, ar-
ranged in 24 rows of 32 characters. Bach character is com-
poscd of an 8 % § dot matrix, giving you a screen of 192
% 256 dots, The screen dump program will reproduce.
the screen dot-Tor-det on the printer,

With bil-image mode selecied, the T1-99/4A prints
characters which are one dot wide and & dous high, Since
the sereen characters are also & dos high, each screen
character can be represented by 8 TI-99/3A bit-image
characters, for a total of 64 pewsible dots per screen
characier.

Accessing Ihe Screen Image

The contents of the screen are stored in VOP RAM,
Since we are net cancerned with color here, only two of
the screen tables in YDP RAM are of interest, The first
is the Screen Image Table, which starts i defaull
address > 0000 and contains 768 byies. Each byte cor-
responds (o 1he character pasition o the screen and con-

On: of the best features of the T1-99/4A computer
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pains the character number occupying that sereen posi-
tlon. ¥YDP RAM addresses >0020 through >003F cot-
respand fa the second sereen row, and so on. Since each
character numbsr is contained in one byte, You can see
that thie characier numbers must be between =00 and
> FF, or decimal 0 through 235,

The sesond table we'll need is the Pattern Descriptae
Table, which starts at VDP RAM address=>0800 by
efault. This table contains the dot patierns for each of
the 236 characters which <an be in wse. The BASIC sub-

ogram CHAR, which is used 10 define dot patterns for
charagtsrs, stares patterns in this table. Since a character
pattern takes § bytes to definz, and there can be up to
256 different characters, the Pattern Deseriptor Table oc-
cupics 2084 bytes of VDP RAM.

Figure 1 shows the relationship between these two
Lables. For a given sereen ROW and COLUMN, the VDP
RAM address of the corresponding character number is
given by (ROW - 1) * 32 + COLUMN =1, Once you
have oblained this character number, you can use ki @
index Lo the gorrect spot in the pattern Descriptos Table.
The offsel in this able is just 1024+(N—32)8 in
decirmal, since sach partern description is 8 byies long.
Figure | shows an example of finding the pauern for the
home position (ROW 1, COLUMN 1) on the screen. The
character number resides in the Screen Image Table at
address 0. 17 the home charastcr an the sereen is “A™,
then VDP RAM address 0 contains the value 63 or =41
From the offset in the Patters Deseriptor Table, we get
VOP RAM address > 500 + >200 = >0A00. The eight
bytes starting at >0A00 in YDP RAM contain the pat-
tern for the characier /A", You can see that for our pus-
poses, the contents of the Screen Image Table are just
intermediate, though necessary, data. The characier pat-
1crn is what we're really after.
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The 8-byte character pattern represents the det pattera
which appears on the screen kn what 1'll call row-wise
form. The top pertion of Figurs 2 illustratcs this for the
character ““A™". The first byte of the patiern represents
the first row of the dots which comprise the character.
The hexadecimal notation is just a shorthand way to
group four bits at a time, with bits of value 1 standing
r dots which are tumed on in the characicr.

Translating the Characters to

T1-99/4A Format

The T1-99/4 printer construets its bit-image output in
different way. It uses what I'll call columa-wise form.
still takes 8 bytes to produce the same character, but
each byte of data passed to the printer represents a col-
uma (rather than a row) of dots in the finished character,
The boteom of Figure 2 illustrates this. 1f we think of
the character's dot pattern a3 an 63 8 matrix, then the
translation from T1 internal format 1o T1-99/4A printer
bit-image format is equivalent to transposing the matrix.
We can’t really treat each character pattern as a 64-bit
matrix because 9900 Assembly Language does not have
a BIT data type, but we can base the loghe of the pro-
gram on this idza.

TLUBAA charactar pattern from Pattem Desoripter Tasia

Figure 2. [0 [>m[=aa]>aa] 570 544] 2a4] 2aa]
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TLO9/4A primer bitimage data

Program Qutline

The sercen dump program reads the Screen Image
Table one byte at a time starting at the top (VOP RAM
address 0). The value of each byte is used to calculate
the position of the character pattern, and the §-byts pat-
tem is abtained from the Pattern Descriptor Table, These
8 bytes will be manipulated to produce § bytes of infor-
mation encodex! far the TI-99/4 printer. Figure 3 shows
how the bits of the TI-99/4A character pattern are
rearranged ta form bit-image data for the priater. Notice
that the data at byte M, bit M is moved to byte N bit M—
or transposed, The program will also have to send cer-
tain contral characters for bit-imege mode to the printer.

PART 2: Screen Dump

he Assembly Language subroutine for dumping
99/4 screens to the T1-99/4 impast printer is
designed to be called from console BASIC, and can
be entered into your sysicm using cither the
‘Editor/ Assembler or the Line-by-Line Assembler in the
Mind Memory Corsmand Cartridge.
PRAM Uhdér Clrisble BASIC :
b xlu"f‘l 99744 is under control of the BASIC in-
[sereter, YDP RAM contains iwo m—asur interest here,
VDP RAM addresses >0000 - F (0 = 767 in
decimal) contain the character numlxrs associated with
snch seresn position., The character panterns for chasaeter
aumbers 32 — 159 start at VDP RAM address =0400
(1024}, In the Fattern Descriptor Table address the B-byie
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character pattar corresponding to @ character number
Mis 1024 + (N-32) * 8 in decimal,

The dump subroutine fcalled DUMP) uses thesé facts.
Starting with YDP RAM address 0, DUMP pets the
screen character number and uses it to caleulate the VDP
RAM address of the associated =hmner pattern. It then
reads the &b pate: <
2P ety the rindlto & bytts v printer. DUMP pers
farms this process on each successive byit’ of¢ scrioerl ~
RAM, up to'and incloding VDP RAM iud‘r@‘s‘&ﬁm =
{767). <
DSRLNK and Printer Ouiput

The actual outpus 10 thé printer is done by means of
a built-in Extended Utility Routine called DSRLNK.
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Before calling DSRLMK, the Assembly Lansu:gt
subroutine must set upa Peripheral Access Block (PAE)
in YDP RAM. Here is the format of the PAD w: I1 use
for the printer:

BYTE# CONTENTS
0 10 opcode: 00 = open
20 = close
=203 = wiite
i Flag/status byte. 12 is the code for se-

quential file, oulpu: operation,
DISPLAV type data and variable length

2.1 Daln Imi'l:r address in VDP RAM. We'll
use = 1ED0.
Logical record length.
Number of characters to write.
ot wsed here.

Len;lh of file d:wrmiur which follows.
File descriptor. We'll use RS2I2Z.PA =0,
DA = §.BA =9600.CR

We'll put the PAB in VDP RAM starting at address
> IDmﬁlzml'u:ru'I.lni VIDD), and we'll put the data

containing the actual data for oulput to the prioter

&t VIBJD. These addresses could have been elsewhere in
voe .uhugumehunmdmwmnmued

2
1035

To porform upnmer operation, the program must do
the foliowing:
1. Build the PAB In VDP RAM

2. Put the address of the lengih of the file descriplor
(byic 9 of the PAB) fato CPU RAM address =2356.

3. Call DSRLNK.

You'll notice tha the call to.DSRLNK must be
foliowed by a word {iwe byies) containing the valuc 8,

which means that you want 1o link (o o Device Scrvice
Routine (DSR),

RS232 Considerations

Since the DUMP subrouting uses the RE212 interface
1o communicate with the printer, some additional code
is needed 1o save and restore the address of the GROM.
This is because the GROM address is changed when the
RS232 DSR is used. AL the beginning of the DUMP
subrowrine, the GROM address is obiained one byte at
atime from the GROM Read Address at location = 9802,
The GROM address increments itself when the first byte
s read actually moved) from the GROM Read Address,
This makes the second byie of the GROM address ons
100 big, 30 it must be decremenzed by DUMP. Just before
returning to BASIC, the DUMP subroutine resiores the

{OM address by moving it 1o the GROM Write Ad-
dress at location >%C02, again onc byte al a time.

Linkage to Console BASIC

A console BASIC program invokes the DUMP
subroutine by the statement CALL LINK('DUMF").
DUMP returns to the BASIC program by branching 1o
ithe contents of register Il (RI1). Just before returning
1o BASIC, the DUMP subrouting clears the crror brle
at @ >837C (sets it 1o 0). Failure to clear this byte can
result In an undeserved INCORRECT STATEMENT er-
rof when you retsrn 1o BASIC,
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Transposing the 338 Character Matrix

Once a seréen character’s 8-byte pattern has been read
it CPU RAM (at labcl IN), the DUMP subroutine uscs.
the following technigue to build the & bytes of output at
label DO

The first byte of DO Is composed of the first bit of
cach of the § bytes starting at 1N, the second bye of DO
is composed of each second hit of the bytes an IN, and
50 on. Figure 2 of Part One shows the bit movements
for the pattern character of an A

DO is buils from left 10 right, and R4 is used 10 hold
cach byte of DO as it is built, B4 s cleared before each
byte s buily, so DUMP has to 1urn on any bits necessary.

To tell if a cereain bit of IN & on, DUMP compares
the value of the byle containing the bit in question 10 &
porwer of 2. To se¢ how this works, consider the bytc con-
taining > &2 (130 in decimal, 1000 D013 in binary). The
teftmost bit of the byle is on; in fact, the keftmost bit
would be on in any byte containing > &0 (128} (hrough
=FF (255). In ather words, we could test for the left-
most bit's being on by comparing the value of the byte
10 decimal 128 (2 1o the Tih powerk; if the valug is less
than 128, we wouldn't have 1o turn on ihe corresponding
autpu

This :ochnlqu:can be used 10 1est any bii of a byie [ol
our purposes, using the appropriate power of
second-to-lefimost bil can be tested aguins: 64, m
neighbor 1o the right ageinst 32, and so on down to 1
for the rightmost This works because we'll be con-
sidering the bits from left to right in cach byte. Aficr cach
bit is tested, it must be wrned off (in CPU RAM, not
on the screen) so that it doesn™s interfese with the test
of the following bit. To see this, consider the byte con-
wining =82 (130) a) [ we want o determine if the
second-to-leftmast bit is on, we would compare the byte
to 64, You can see thar it would pass the west, even though
the bit in question is not on| However, il we had reset
the Ieftmast bit 1o 0 afle testing it previcusly, the byte
would now contain =02 instead of =82, and the test
would fail, as it should.

Onee we hiave decided that an input bit is an, we must
set an the corresponding bit [n R4, This is done by add.
ing the appropriate power of 2 to R4, Ta um umnzlm-
most bit, add ua- 10 turn on the rightmest
Bemember that the byte being built is in the r\lkll half
(LSB, or least significant byte) of R4,

DUMP uses B3 10 conain the power of 2 for testing
whether the input bit is on, and RE 10 conLain the power
of 2 for setting the kit on for output. The LSB of R7 con-
tains the input byte being tested, and the most signifi-
cant byte of R7 s filled with zeros. This allows DUMP
10 use the simpler and mare plentiful register instructions,
and to completely avoid having the lefumost bit of a byte
imerpreted as a sign bi

Printer Consideration

DUMP writes one full screen line to the printer at
time. Before cach line, the program must wrlie a 4-byte
cunteal sequence 10 put the prioter in graphics made and
el it hiow many graphics characiers are conting nest. This
sequence s > 18, > 48, >FF, and >00. The last 1wo
bytes mean 255 characiers will be written, with the order
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of the bytes being reversed for evaluation {=00FF, or
255).

The program issues & carringe return and line feed on-
Iy after each of these writes, that is, at the end of each
screen line. DUMP el the CZC (Comu Zeras Corre-

ing) instructi the
position in VDP RAM of the nm xmen character
muember. Positions @ — 31 (>00 = >1F} of VDP RAM
nd to the characters on line 1 of the sceeen; posi-
tions 32 = 63 (> 20 — >F) correspond to characters on
line 2, etc. The C2C Instruction occurs right after R is
incremented and before the corresponding screen
character s decoded. Therefore, the carriage recurn and
line feed should be written whenever R is an even multi-
pie of 32. The CZC instruction uses a mask of > IF
000G 0001 1111 binary). If B9 is a multiple of 32, then
its last five bits will all be zero. Notice that the mask has
oaly the lasi five bits tumed on. Under these cir-
cumstances, the CZC instruction sets the equal status bit
on if and anly if the last § bits of B9 are all zero, that
is, if and enly i R9 contains an even multiple of 3. The
JNE instruction which follows the C2C instruction causes
the program to skip outputting the cartiage return and
line feed when R does not contain a multiple of 32.

Left to its own devices, the printer witl respond 1o &
line Feed by spacing dovn 1/8" or 1/6", This would keave
blank stripes in the screen dump. The sequence ESCAPE
A% is written by DUMP to uil the printer 10 space down
only B/72" on each line feed. This produces.a continuous
image

Minl Memory Considerntions

Ta enter the DUMP subroutine via the Linz-by-Line
Asgembler, do the lollowing:

1. Seloct MINI MEMORY and then RUN from the
first two menus.

2. Enter NEW a5 the program name.
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3. When the Line-by-Line Assembler screen appears,
type a space, then AORG, anather spage, > 7014, and
then press [ENTER. ] {From now on the spaces will be
assumed,) This sequence lets you start the program at
>7D!4 instead of the traditional > TD00.

4. Enter the program as shown in Listing 41, Enter only
the Iabel (i any), opeods, and operands. Don't enier
END yei,

5. Pat the entry point for DUMP into the DEF/REF
table By entering the following lines:

AORG = TFES(CR)

TEXT 'DUMP _'(CR}

DATA > 7DI4{CR}

6. 5¢l the last used address in Mini Memory by
entering:

ACRG > T0IC(CR)Y

DATA = TFO2CR)Y

7. Indicate that you are finished by entering:

END{CR).

The system should show that you have ne unresolved
selesences. Press enter wice, and then QUIT the Lins.
by-Line Assembler,

8. Enter EASY BUG from the master menu.

9. Press any key to bypass the instruction screen.

10, Enter S7000 when the syster prompes with 7 and
then TFEF when the sysiem prompis TE? This tlls the
system to save the contenis of the Mini Memory 1o
casselie tape. Just follow the insiructions presented by
the computer afies this, and then QUIT EASY BUG
when you have saved and checked your tape,

You are now ready to use the DUMP subroditine, The
sample BASIC program in Listing #2 just draws a sereen
and then wails for vou 1o press the P key, at which point
DUME i called to print out the scresn, You can incor
norate DUMP into vour swn programs in any way you
<hoose. Happy dumping! @

Copigrs 1 158) Berid Viter Pabdthe Co




Listing 1 Dump

et me

O GROM iBEA 1Mfo 5%
or cnom apon
T rom AUTO-INGHEMERT

WAITE PRI O YOP AAm

FOIRT TQ BEIVICE WAME LINGTH
DINLWE TO GPER PELRTER

FET WAITE GF GOBT 1N FA)

PET LENGTE OF &

FOT CORE FGR CaRNiAG
Biras T
14

3
|
|

: |

12 LBING WEXT cman ‘

|

:

b or ne |
1 wrte or Do
T mEXT QurEuT aTrE

PET LENGTE GF 8 1N PAN

PET ESG E SEQ. IN DATA 3uFr

ME LEweTH
e ate.

FUT LENGTH OF ® 1IN Pab
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Listing

=]

oELay

DO NETT ECAEIN CHARKCTER
rint

cowe mrar wn Bmzn ouMp
POT CLOSE GF cOBE IM FAB
FOINT TG DEVICE NAME LENGEW

DERLNE To CROTE PRIMTER
DELAT

BEETONE SAYED DATA'TO GREWA
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