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ALTAIR DISK OPERATING

By Gale W. Schonteld
MITS

The Altair Disk OCperatlng System
{DOS) 1s a highly sophisticated assembly
language deveiopment package which
includes five major systems programs plus
several miscellangous programs to aid the
user in software development.

The following programs are included in
the system.

The Monltor

The DOS Monitor is the main control
program for the package. Whean the system
is powered up, the Momtor i3 loaded and
ramains resident in memory at all times
during power-on, The Monitor is also used
to load and execute the DOS system
programs and user programs.

The system Moniter contains all
necessary Input/Qutput (170} routines to
support the majority of Altair computer
products (2510, Disk, S1Q, ACR, 4PI10, P1C).
Programmers no longer need to insert /O
routines in their programs, because the
Monitor may be catled only for the
necessary routines.

The Text Editor

The DOS TEXT Editor is used primarily
to create and maintain assembiy language
program files. The Editor facilitates (1}
insertion, {2) deletion and replacement of
program lines, (3) in-line editing with the use

SYSTEM NOW AVAILABLE

of the ALTER cemmand, such as adding,
deieting or modifying characters within a
line and (4) paglng. The paging commands
aliow the user to minimize the usage of

meamory by sequentially loading ane page of

program test into memory at a time.
The Assembier

The DOS Assembler converts an
assembly language program %o machine
language in two passes. In the first pass the
Assembler reads the assembiy code and
assigns addresses to ail the symbols. The
second pass re-reads the program and
converts the mnemonics and symbaolic
addresses to their language
eqlivaients.

The DOS Assembler includses a set of
pseudg-op instructions which reserve
storage space, define contents of memory
locations and cantrol the parameters of the
Assembler's operation.

The Linking Loader

The DOS Linking Loader is used to link
the relgcatable object code modules
produced by the Assembler. it performs
several functions, such as loading the
modules and making sure that bytes of the
module are not accidentally destroyad by an
overlay of a subsequent madule. {Intentiona!
ovarlaying may be achieved by changing the

machins

default ioad address of the maduie.) It aiso
makes connactions between all external
references and the addresses to which they
refer, and prints a list of those that have
undefined addresses. The Linking Loader
can aiso search the disk for files to resoive
undefined reterences.
The Debug

The DOS Debug package is designed
primarily to control program execution
during check-out. This systam program
provides several commands which allow the
contents of memory locations, reqisters and
flags to be displayed or modified. It also
allows the user to insert, dispiay and remove
breakpaints to initiate pauses in program
execution. Debug may also be used to begin
program execution at any address or
breakpoint.

The following miscellangous programs
are provided with the DOS software.
INIT
Allows the user o re-initialize the system
{memaory Size, number of disks, number of
disk flles. etc.) without having to reload
CNS
Allows the user to change his console dewvice
to another terminal,
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ALTAIR DISK OPERATING SYSTEM NOW
AVAILABLE

Continued

SYSENT

A system program file that contains the
addresses of several Monitor routines that
are available for user programs.

LIST

A BASIC language routine to be used with
Altair Disk Extended BASIC, aliows DOS
Assembier listing files to be printed on a line
printer. Altair DOS aiso includes (1) a copy
utility program, which enables files to be
copied from one disk to another, {2} 27 error
codes n the Menitor and 18 in the
Assembler and (3) the ability to use
Absolute, Relative, Common, Data or
External addressing modes with the
Assembler. Although the object code
produced by the Assembler is listed in octal,
constant addresses used in the Assembler
source program may he expressed in octal,
decimal gr hexadecimal.

The Aitair Disk Qperating System
software can be loaded with the Disk
Bootstrap Loader PROM (DBLP} currently
being Jsed by Altair Disk BASIC users.
However, to use it with DOS requires the
hardware configuration to have at least 20K
of RAM memory (since the DBLP loads into
RAM just under that point). A new version of
the DBLP which will allow loading in 18K will
be released soon sa that the user need not
have a 20K systemn.

DETAIL
{1} Hardware Reguired:

-Altair 8800 series mainframe and CPU

-Mirimum 16K of Altair RAM

-Altair 88-0CDD

-Altarr 1/0
{2} Price:

-$200 with minimum system comprised

of Altair equipment.

-$500 without mimmum system
{3) Delivery:

-60 days after receipt of order
{4} Format:

-DGS is available only on diskette and

includes a paper tape and a cassette

tape bootloader plus the
documentation

TWO

Altair Timesharing BASIC
Ideal for Educational and
Scientific Applications

By Susan B. Dixon
MITS

Aitar Timesharing BASIC, carefully
developed to allow as many as eight users
independent and simultaneous access to
the facilities of Altair BASIC, possesses
many of the high-level system design
features usually associated with larger
computers. The foilowing description of
some of these features illustrates why Aitair
timesharing BASIC is a cost-affactive
system ideally suited for educational and
scientific applications,

Security Provisions

Timesharing BASIC is available in two
versions—Alitair Timesharing BASIC and
Altair Timesharing Disk BASIC. Both are a
superset of Altair Extended BASIC and are
specially modified to provide each user
absolute security far the job being executed.
As a security provision, the following
features of Altair Extended BASIC—USR,
WAIT, IMP, OUT, PEEK and POKE—are
disallowed in both versions of Timesharing
BASIC.

There are two means of protecting disk
programs through the use of passwards in
Altair Timesharing Disk BASIC. A four
character password must be used for
READing a program. The program cannot
be KiLLed or NAMEd without a password
Passwords allow the user to read and
modify a program. They are also required to
access the functions MOUNT and UNLOAD
A password and argument are needed to
access . DISKINI. This special password
system protects the file system and prevents
users from altering the programs of other
uSers.

Saving and Leading Programs

In Timesharing BASIC programs may
be lcaded and stored on paper tape only.
But program files may be SAVEd and
LOADed in Timesharing Disk BASIC.
However, there are currently no capabilities
for creating sequential or random data files.

A fixed memory size and the /0
address of each terminal 1s established by
the operator during the initialization
dialogue. Both versions of Timesharing
BASIC have the f{lexibility to allow the
operator to establish different memory sizes
{above a minimum of IK for each job).

Terminal Transfer of Jobs

Procedures for CONSQOLEIng are
easier than those used n the regular
versions of Altair BASIC. The user can
transfer contral of a job from the present
terminal to a specified terminal by entening
CONSOLE (address}).
Reloading Timesharing BASIC

Due to the complex nature of the
interrupt operatars, EXAMINE 0 wil not
restart Timesharing BASIC. BASIC rmust be
reloaded if the STOP switch on the front
panei ts activated.
Interface Capebilities

Terminal interface is governed by the
2510 board. Any terminal which can be
connected to the 23|0Q board (RS232. TTY
with 80/25 ma current loap, TTL] can be
utilized for both versions of Altair
Timesharing BASIC.
Qutput

Both versions of Timesharing BASIC
are supported only by the Altair 88-281Q.
Q70 and C700 line printer interface boards.
When a program i generating output,
characters are stored in an output buffer If
the yser is “swapped out"* and the |/O
device is operating at a high baud rate, the
buffer may empty more rapidly than i 1s
filled Printing wili then cease temporarily
until the user is “swapped’ back n.

NOTE: The term “swapped out” usually
refers to a user being swapped to a disk.
Aithough technicaily this does not accur in
Altar Timesharing BASIC, it is not within the
scope of this article to describe the actual
process.

MINIMUM HARDWARE REQUIREMENTS
-Altzir 800 series mainframe and CPU
-A minimum 32K RAM
-B8-VI/RTL  {Vector
Time Cinck)
~Maximum of four 2510 hoards to
interface with terminals
-88-DCOD {Disk Controller Disk Drive)
Altarr T/8 Disk BASIC
-88-PMC {FROM Memory Card) Altair
T/S Disk BASIC
The above hardware is essential for the

interrupt/Real
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MITS software spaciahist Chuck Vertrees explains the special modification includad
in Altair Timesharing BASIC and &atair Timesharing Disk BASIC ta an interested user

at the recent NCC in Dallas

operaton of Timesharing BASIC. The 88-
PMC (PROM Memory Card) is necessary if
the Multibootloader or Disk Bootloader
PROMs are vhlized for easier loading.
EDUCATIONAL APPLICATIONS

Altair Timesharing BASIC's rigid
securrity features and rapid keybeard
response coupled with the many powerful
capabiiities of Altair Timesharing BASIC
ideal for classrgom use.

Educational institutions currently
sharing costly time on a larger system or
utilizing smaller systems for demanstration
will find that Altair Timesharing BASIC can
provide an opportunity for actual on-line
programming experience. As many as sight
students can write, debug and run programs
simultansously with no discernable
keyboard delay.

Altair Timesharing BASIC can be a

valuable tool for computer-aided
instruction. Simple programs such as the
one below can provide younger students
with a umique and stimulating approach to
duil, repetitous drills.

10 B=0

20 INPUT “WHAT IS 3"4,A%

30 IF A$="12" THEN 80

40 PRINT "WRONG!!"" + CHR$(7)

50 B=8+1

80 PRINT “TRY AGAIN"

70 GOTO 20

FRINT “RIGHT YOU MADE™; B,
“MISTAKE(S)"

WHAT IS 3*47 13

WRONG!

TRY AGAIN.

WHAT IS 3*47 12

RIGHT. YOU MADE 1 MISTAKE(S)

This program can be expanded to
include the entire set of multiptication
tabiles. The pragram informs students as to
the number of mistakes they make. This
type of dnil can be set up in 2 maodular torm
with different medules for varicus subjects,
such as history, speiling, biclogy. etc.

Computer-aided instruction goes far
beyond these simopie drills to the teaching of
heuristic logic essential to the scientific
methad.

AVAILABILITY AND COST

Altair Timesharing BASIC is already
available on audio cassette, and Altair
Timesharing Disk BASIC will be avanable by
the middle of this manth. Both versions of
BASIC must he supported by the hardware
listed in this article.

The suggested retail price of Altair
Timesharing BASIC is $600. For users
currently opearating under another version of
Altair BASIC, an upgrade charge (the
difference in price between your current
version of BASIC and Timesharing BASIC)
plus a $25 copy fee will be made.

Altair Timesharing Disk BASIC sells for
a suggested retail price of $750 An upgrade
cost plus & $35 copy fee will be charged
to users currently operating with any other
versions of Altair BASIC.

C/N August, 1977
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MITS Production Department
Emphasizes Quality Construction

Not Mass Production

&

Production Managar Fred Sanchez watches technician Julia Sena perform delicate
touch-up procedures an an Altair 2510 board.

- E=4

By Susan B. Dixon

in this age of mass-produced
merchandlse, quality craftsmanship is often
difficult to find and |s usually associated with
non-mechanical obklects. MITS Altair
microcomputers, carefully constructed by
highly skilled production personnel using
advanced automatsd equlpment, are one of
the excaptions,

Rigid inspections, meticulous gquallty
control and the coordinated efforts of 60
production workers resylt in the finely
crafted Altair micracomputer series. “The
Production Department assembles an
average of 10 Altair 8800k microcomputers
everyday,” sald Production Manager Fred
Sanchez. To achleve this efficient
proeduction ffow, Sanchez said the
department |s dlvided into four areas:
assembly, subassembly, quality control and
tasting.

The first step, the assembly process,
begins with the insertion of alt integrated
circuit components, which sre machine
pressed onto the circuit beard, he
explained. in ancther automated process

ALTAIR 8800 BOARDS CREATE
TROUBLESHOOTING BREAKTHROUGH

By Banneit inkeles

MITS recently deveioped two new
products with plug-in options which
significantly simplify troubileshooting of
Altair 8800 systems. When the Diagnostic
Card (88-DC) and Switchable Extender (88-
SE) are used in relation to other waveforms
BE) are used in conjunction with the oscil-
loscope, suspected problem signals may be
viewed in reiation to other waveforms for
corract timing relationships.
packages for signal line selection aid In
isolating system faults.

The Diagneostic Card {88-DC) is capable
of dispiaying eight signais on any
Inexpensive oscilloscope. Any combination
of data, address and control lines can be
selected (except where redundancy of dip
switches causes the computer to becoms
inoperative}.

Cther features include an Eight-Bit-to-
FOUR

Dip switch

QOctal ‘Decoder/Display for program
inspection. Users may examine the program
on either data input or autput lines. For bus
and card regulaior voltages, a digltal
voltmeter {+1 per cent accuracy) is
supplied, which is switch selectabla between
+8, +18, -18 bus veltages and External
{(+9.99 fuil scale range). An cutput
synchronization jack |s provided for display
referencing of data and control signals. Two
BNC cables (not Included) are required tor
oscllloscope connections. A test lead s
ingluded for external voltage
measuramaents.

Additional capabillties include External
Input through a 10-pin right angie connec-
tor. Troubleshooting of individual boards Is
achieved by entaring signals to the
Diagnastic Card by means of an IC test ¢lip.
This configuration is particularly useful In

monitering critical timing relationships.

The Switchable Extender {88-SE)
assists in localizing problams by switching
suspected problem lines out of the circuit.
By using dip switches, areas of guestion
may be easily pinpainted.

There are 10 dip switch packages. Each
contains eight switches which represent all
of the control, data and address lines, Six of
the switches are uncommitted and can be
implemented as the user desires. Vector
interrupt capabillties are available on the
card and are activated by installing the
required jumpers.

Both the 88-DC and the 88-SE are
available only assembled. Suggested retail
prices for the 88-DC and the 88-SE are $365
and $125 respectively.

C/N August, 1977



small electronic compeanents such as
resistors and capacitors are Inserted with an
electrical gomponent lead former, “This
Inserte the component and bends the
leads," he sald. Gesturing to a large vat of
tubbling solder, Sanchez said, “Hand
soldering of all components ls no lengar part
of the production process. (nstead, this
wave solder machine saves four to flve
hours of labor praviously neaded to aolder
all the compenents on a single board.” A
worker places the board In an ad|ustable
holder, and a conveyor then guldes the
board through a flow of bubbling solder,

Sanchez said that some boards, such
as the mother board for the Altalr 8800,
must be specially modified t¢ withstand the
automated soldering process.

“The boards are inspected atter they
leave the wave solder machine,” he con-
tinued. "Any boards which require touch-up
of things like solder bridges and cald-scider
|oints are dane here,” he said, pointing to a
long table with tangled bright lights whera 15
women wera scrutinizing boards and per-
forming delicate solder touch-up.

Sanchez said production also
asgsembies some ‘“‘custom units,” which
require exiensive hand soldaering.
“Production makes many of the prototypes
of MITS products. We also make certain
special modifications for customners,” he
added. “For example, some units from
overseas customers need to be speclally
adapted 1o run under a different current.
Hand soldering 'a also used for all heat
sansitive components such as LED's and
switches," he noted.

The second aspect of productlon is the
subassembly of varlous parts of the main
frame. “Here the wamen put together the
back and frent panels, the gross-members
and motherboard,” Sanchez gaid. The
subassembly of the main frame is combined
with the assembly of the various mechanical
companents, such ag the power supply and
fan, he explained.

The third step of the production
process is quality controi. “Betore the
boards are installed, they are returned to
Quality Control for a final visuat inspectlon,”
he said, as he walked over to & table where

C/N August, 1977

six womean were intently |Inspecting boards
under large light-ringed |enses,

Sanchez said the next step in
production s the additlon of all cabfes, a
thorough Inspectlon of all subassemblies
and then a preliminary test. “if there are no
problems with the unit, It goes back to the
mechanical assembly section tc be
compiletely enclosed in & case,” he gald,

Each completed unlt makaes a final trip
to Testing, the fourth area of production,
where [t 19 plugged In and left running
continuously for 48 hours, "This Is called a
‘burn-in test’. It insures that users recelve
only units which operate trouble frea, and
contain no defective components,” Sanchez
explained.

Production Is closely coordinated with
MITS marketing department. Sanchez sajd

a monthly ‘forecast’ lssued by Marketing
projects the number of each product which
will be sold in that month, Production then
gears their atforts to produce an inventory
which wil fill the sales forecast. “Right now
wo're runhing with no backlog of orders, and
that's really a credit to production,” Sanchez
sald with a smile. "But that's because people
involvad in the assembly process (95%
women) are all first rate and have had
previous electronic assembly experlence,”
he added.

tn the final step of the assembly
process, the finished Altair products which
have completed the numerous tests and
inapectlons are then carefully double boxed.
As a satety precautlon, even those products
stored in inventory at MITS are doubled
boxed, Sarichez noted.

Wave aolder techniciana Senieve Lucero (lett) and Tonie Sanchez
guida Alteir PC boards through the wave saldering machine.

Electranica aszembly tachnicians
Vickie Howsll (foreground)

and Luz Alba construct

tha malnframe of an Altair 88006,

[




SOFTWARE

Program Control at Your Fingertips

By Mark L. Chamberlin
The Problem

Have you ever watched output from a
program spew forth at 9600 baud, rapidly
scrolling off the top of your CRT screen? For
those of us who cannot read and fully
comprehend at 11,500 words per minute,
this represents somewhat of a problem.
{Those who can have alrgady finished this
article } Or perhaps you've written a
program which looped for fonger than it
should have. Maybe it was hung in an infinite
loop. {But who has the patience to
determine this empirically?)

Such problems piague even experts.
Although the situations may vary, they stem
from a single problem—the executing
program is out of control. The obvious
hardware sclution to this problem is to reach
for the HALT switch on the front panel. This
solution is not only inconvenient and rather
inelegant, but it doesn’t provide the flexibility
required in many situations.

This article describes a software design
which allows users to exercise various
controis over an executing program without
agver leaving the terminal. It deals primarily
with assembly code programs, but some of
the information should also prove
interesting to BASIC programmers.
Although the particular impiementation
discussed is for the Altair 680b, the design is
general enough ta be implemented on most
microcomputers and forms a subsystem
which can be easily incorporated Into
existing software systems or deslgned into
new systems.

Towarda a Solution

Programmaers generally keep their
fingers in close proximity to the terminal
keyboard, ready to fire off the next
command when the prompt appears.
Therefore, the kayboard is the most
convenient place from which to contrel a
program. One way to provide program
control from the keyboard is to assign
controf functions to special keyboard codes.

SIX

When ona of the special codes is typed, its
associated control function is performed,
There’s nothing new about this idea. Anycne
who has ever used DEC computers knows
that typing “controi-G" causes control to be
returned to the system monitor. Altair BASIC
contains this same feature—typing “contral-
C" gauses an executing BASIC program to
return to command moda.

A list of the special keyboard cedes and
their associated controi functions to be
supported here is given below. The listis a
subset of those supported by the DEC
System-l0 and is a complete list of those
supported by Altair 8800 Extended BASIC.
1. Contral-C

Typing "“control-C” causes control to be
returned to the system maonitor. It |s typically
used when a program gets “lost” or when
the programmer decides to tarminate a
pragram prior to completion.

2. Control-8

Typing “control-S* causes program
execution to be suspended. Pragram output
may then be read from the CRT prior to
allowing program execution to proceed.

3. Control-G

Typing "gontrol-Q" causes execution of
a suspended program to be resumed. It is
used to continue program execution after a
“controi-S" has been typed.

4. Control-Q

Typing “control-0" causes program
execution to contlnue while inhibiting
program cutput, Program output is inhibited
until another “control-0” is typed or the
program overides this control. This function
is used when a program’s terminal cutput is
not required for a particular run, This is
especially usefui when a Teletype™ or ather
slow terminal is being used, as it speeds up
overall throughput.

I order to gain some insight as to how
these control functions can be implemented,
let's examine the way ARtair BASIC handles
them. Pnor to executing each line of a

BASIC program, the Altair BASIC
interpreter checks the terminal input status
bit. If the status bit indicates that a character
has been typed, BASIC reads the character
angd checks to see if it is a special caontrol
character. If it i, the appropriate action is
taken. If it is not a special control character.
the intarpreter proceeds with the execution
of the next BASIC program statement. A
flowchart detailing this procedure 15 shown
in Fig. 1.

Fiowechart for
BASIC Cantral Charactar Hardhng

read the
character
spectal ves take acthion
control specifled oy
character coneral char

i
gAacuta next
2 ASIC program
statement

Figure 1

Although this method of polling the
terminal an a regular basis proves adequate
for the Altair BASIC interpreter, it is clumsy
at best in the general case. For example.
who would want to put keyboard checks into
every loop in an assembly code program?
How about forcing the computer to Jook for
special control characters every time a key
is typed, regardless of what the program is
doing? This can ke accomplished through

C/N August, 1877




the use of program interrupts. Although the
subject of program interrupts is a complex
one, the basic concepts required here are
fairly simple. Intarrupts are used to force the
camputer to drop what it 1S doing and
execute a special section of code referred to
as an “interrupt service routine.” Whan toid
to do so by the interrupt service routine, the
cormputer praoceeds with what it was doing
before it was 50 rudely interrupted.
Conveniently enough, most computers
have the capability to cause an interrupt
when a key 15 typed an the termmunal. The use
of this keyboard interrupt capability forms
the basis of the design set forth beiow.

Flawrekart ‘ar "N TSRY

+ enter on kayboard rierrips

disabta
interrupts and
23VE CONtents
af reqisters

read charactar
from terrminat

do clean wp
and raturn
te mamtor

The Design

The design consists of a set of
assembly code subroutines. The primary
reutine 15 an interrupt service routine which
checks for contral characters avery time a
key 1s typed and takes the appropriate
action when it sees controi characters. In
addition to the interrupt service routine,
subrowtines to input a character from the
terminal, output a character to the terminal
and nitialize the systarn variables are
included. Detaifed descriptions and flow
charts of each of the routines are given
below.
1. INTSRY - The interrupt service routine
{See Figure 2.)

SUSPNG arabile

=TRLE

mnter-upts

SUSPND
—FA&4LSE

INBEIT

-TMABIT —"Q

restore remisters
Store ALUFL o enable interrupts
character 1n - -TRL.E and return to
CHEBUF - rterrapted
program
Figurg 2
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INTSRV is invoked {exscuted] each
time a key is typed on the terminal. INTSRY
reads the character from the termmal and
checks to see if it is a special control
character {control-GC, control-8, controi-Q,
contral-Q). If it is, the appropriate action is
taken as foliows:

a. Control-C

't the character is a “control-C", then
control is returned to the system momtor. It
mzy be desirable to do some
housecleaning, such as resetting the system
variables, prior to returning to the maonitor.

b. Control-S

If the character is a “control-S". then
the jollowing action is taken:

— The program suspensiaon flag,

SUSPND, 1s set to TRUE.

— Interrupts are enabled. thereby

allowing another keyboard interrupt to

invaoke INTSRY

—The progessor loops until SUSFND

goes FALSE. In order for SUSPND to

go FALSE, a "controt-Q" must be
typed. This is explained in greater
detail below.

— When SUSPND goes FALSE. contral

is returned to the suspended program,

which resumes where it left off. Notice
that a "control-C" will take effect even
while & program is suspended.

<. Control-Q

If the character is a “control-G", the
program suspension flag, SUSPND. 1s set to
FALSE. Control is then returned to the
interrupted program. This usually means
that control is returned to the loop that is
waiting for SUSPND tc go FALSE. The net
effect is that the suspended program s
resurned, However, it is gongeivable that
someone might type a “comtrol-Q" even
though a “controi-3" had not been typed. In
this case, the “control-Q" has no real effect.

d. Control-O

If the character is a “control-Q", the
inhibit output flag, INHBIT, is complementead
{set to TRUE if it was previously FALSE! set
to FALSE if 1t was previously TRUE).
Therefore, typing “control-0” inhibits ar
enables program output, depending on the
previous state of the inhibit output flag.
INHBIT is usually set to FALSE during
initialization. Programs may set INHBIT to
FALSE to insure that impartant messages
such as prompts are seen by the user

If the character read from tha terminal
is not ene of the special control characters,
then INTSRV checks the input buffer full
flag, BUFULL. i BUFULL is TRUE 1t
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indicates that the single character input
butter, CHRBUF, is full; INTSRV will then
discard the character it just read from the
terminal. This prevents the overwriting of the
last character typed befora the program has
had & chance to use it, If BUFULL is FALSE,
then INTSRV stores the character it read
from the terminal in CHRBUF and sets
BUFULL to TRUE. {The functions of BUFULL
and CHRBUF are further explained in the
description of the input character routine.)
After deallng with the character, INTSRV
returns contral to the intarrupted pragram.
2. INCHAR - The input character routine
{See Figure 3.)

Flowchart far INCHAR

read character
from CHABUF

{

SUFUJLL
=FALSE

!

raturn to
calhng
program

Figure 3

Most programs call a subroutine to get
a character from the terminal. Usually such
routines loop until the terminai |nput status
bit indicates that a character has been
typed. Then they read the character from the
interface and pasg It back to the calling
program,. Reading the character from the
terminal Interface automatically resets the
input status bit to indicate that the character
in the interface is not current.

Since INSRY reads aevery character
before any other routine does, the terminal
input status bit always Indicates that the
character in the interface is not current. This
is why INTSRY stores the characters [t reads
in CHRBUF and sets the flag BUFULL to
TRUE. As a result, Instead of walting on the
terminal input status bit and reading a
character {rom the terminal interface,
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The cost of gaing first class has just come down.
Way down Now you can build the country’s most popular
personal computers into any system for significantly
less: Altair mainframe prices are now dramatically
reduced-from 367 to 3255 offf

Big hands-on savings for your own hands-on
aperation. Without giving an inch on our strict quality
and performance standards—the same standards that
have made Altarr microcomputers the recognized leader,
in homes, hobbies and small businesses.

But in these days of skyrocketing costs, how can
we doit?

By new corporate design, Our recent acquisition
by Pertec Computer Corporation has produced precisely
what we were looking tor: major manufacturing effi-
ciencies, impraved material handling and inventory
procedures, and more effective financial management
and cost controls

That's how we're praducing the same Altair
systemns the market counts on us for, but at a much
lower cost to us, And we want to pass the same kind of
savings on to our customers. Now that PCC is sharing
1ts solid corporate strengths with us, it's our turn to
share the advantages with you. In meaningful savings
you can get your hands on_._today.

The pacesetter in personal microcomputer
systems, the Altair 8800b is & superh general purpose,
byte-oriented machine, supporting up to 63K of directly
addressable memeory Multi-interface options offer
maximum system flexibility and expansion capabilities

Includes: 8080-A CPU board. Interface buffer
board, Case, Power Supply, Fan, Full front panel, 18-ziot
motherboard {EC18), Manual. (Memory not included |
Pius a one year membership in the ALTAIR User Group
with return of warranty card to factory.

Was MNaow

ALTAIR 8800b KIT
with EC18:
2 edge connectors,
4 card guides. .. ... .. $ 875 5 750

ALTAIR 8800b
ASSEMBLED
with EC18:
12 slots filled
(12 edge conn.,
24 card guides). . . . .. $1175 § 995

18 siots filled
{18 edge conn.,
36 card guides}. . .... §125Q0 $1070

Easy to use, this advanced Turnkey microcomputar
is geared to go. Ideal for software boffs and business
appilications not requiring front panei control

Includes: CPU board. Case, Power Supply, Fan,
Turnkey Front Panei, 18-slat motherboard (EC18)
Turnkey Module Board contains a seriai input/output



(S10) interface, 1K of RAM, provision for 1K of PROM
and sense switches—all expandable. With a one year's
membership in the ALTAIR User Group with return of
warranty card to factory.

Was Now

ALTAIR 8800L-
TURNKEY KIT
with EC18:

1 edge connector,

2cardguides. ...... $ 995 $ 795

ALTAIR 8800b-TURNKEY
ASSEMBLED
with EC18:
12 slots (12 edge
conn., 24 card guides) $1250 § 995

18 slots {18 edge
conn., 36 card guides} $1325 $107¢

New pricing makes this compact, low-cast micro-
computer still more economical for hame computing and
process control applications. Complete computer
capabilities on a single space-saving mainbeard; PROM
Monitor for immediate program load/run in both BASIC
and Assembly languages; ACIA for software controlled
interfacing to serial terminal devices.

Includes: Case, CPU board with 1K static RAM,
256 byte PROM Monitor, sockets for an additional 768
bytes of 1702A PROMs (extra PROMSs not included), one
ACIA serial interface port. Complete front panel and
power supply. (Expander card NOT included.) One year
ALTAIR User Group membership with return of warranty
card to factory

Was Now

ALTAIR 680b KIT:
680b Computer
WITHQUT expander
card. ... ... . ... ... $ 446 S 395

ALTAIR 8800
ASSEMBLED
680b Computer
WITHOUT expander
card .. .......... .$ 625 § 495

The Altair Turnkey version of the small 680b: in big -- .
demand for software dedicated systems, where full front ::
pane! operations are not required. When used with a
terminal, the system's PROM Muanitor makes front panet |
control unnecessary. ot
Inciudes: all specifications of the 680b Mainframe, /- -~
except complete front panel is NOT included, Front -
Panel provided for the 680b-Turnkey includes: Power ..
indicator, Reset switch, and Run/Haltt switch. One year - ~ . -
ALTAIR User Group membership with return of warranty .~
card to factory, - - T

1.

Was’ Now -

ALTAIR 680b-

TURNKEY KIT:
680b-T Computer
Without expander - .
card. ..............- §425

ALTAIR 680b-
TURNKEY
ASSEMBLED:
680b-T Computer
WITHOUT expander :
card. ... $610 5450

All new and former prices listed are based on the Altair
Suggested Retail Price Lists: individual prices may vary.

Altair User Group membership provides a free e
subscription to COMPUTER NOTES and accesste | - S
the User Group Software Library. : B

Available from PCC. a versatile range of Altair add-ons
and software. Disk storage, CRT terminals, prinfers. C e
Business accounting, word processing and inventory )
management systems. Expansion memary and interface
boards. Full lists and details now at vour Altair dealer,
and in the Adtair line brochure.




For expert assistance in planning and implementing your microcomputer system, visit the qualified people at ane of

these Altair Computer Center locations.

TUCSON, AZ 85711
4941 East 29th Street
[B02) 748-7363

BERKELEY, CA 84710
1044 University Avenue
{415) 845-5300

SANTA MONICA, CA 90401
820 Broadway
{213 451-0713

DENVER, CO 80211
2839 W 44th Avenue
[303) 458-5444

ATLANTA, GA 30305
3330 Piedmont Road, N.E,
[404) 231-1691

PARK RIDGE, IL 60068
517 Talcott Road
{312) 823-2388

ANN ARBOR, MI 48104
M0 East Washington Street
(313) 995-TE616

MADISON HEIGHTS, Mi 48071
505-507 West 11 Mile Street
[313) 545-2225

EAGAN, MN 55122
3938 Beau D'Rue Drive
{612} 452-2567

ST. LOUIS, MO 63130
8§123-25 Page Boulevard
(314) 427-6116

LINCOLN, NE 68503
611 N 27th Street, Suite 9
{4021 474-2800

CHARLOTTE. NC 28205
1808 East Independence Boulevard
{704) 334-0242

ALTAIR * Microcomputers
Pertec Computer Corporation
Microsystems Division

SISTPAITAS™ 5§ g radenack ol Seres Coma_les Sorporaicn

ALBUQUERQUE, NM 87110
3120 San Mateo, North East
{505} B83-8282, 883-8283

ALBANY, NY 12211
269 Osborne Road
{518} 459-6140

NEW YORK, NY 10018
55 West 39th Street
(212} 221-1404

DAYTON, OH 45414
52582 North Dixie Drive
(513) 274-1149

TULSA, OK 74135

110 The Annex

8345 East Forty First Street
{918) 664-4564

BEAVERTON, OR 97005
8105 South West Nimbus Avenue
{503) 644-2314

DALLAS, TX 75234
3208 Beltline Road, Suite 206
(214) 241-4088 Metro—263-7638

HOUSTON, TX 77036
7302 Horwin Drive, Suite 208
{713) 780-8981

RICHMOND, VA 23230
1905 Westmoereland Street
(804) 355-5773

SPRINGFIELD, VA 22150
6605 A Backlick Road
{703) 569-1110

CHARLESTON, WV 25301
Municipal Parking Building
Suite 5

(304) 345-1360

2450 Alamo S.E. _
Albugquerque, New Mexico 87106
Telephone (509) 243-7821
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INCHAR waits for BUFULL to go TRUE and
reads a character out of CHRBUF. Qncae the
character |s read, BUFULL is set to FALSE.
The character read is usually passed back to
the calling program in one of the processor's
registers.
3. QUTCHR - The output character routine
{Ses Figura 4.}

OUTCHR is called to output a character
to the terminal. The character to be cutput is
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RETRIEVE CHAR
SHI® IT QUT
AXD RZTIIN TG CaLLiEnm

TALIZATION HOUTINE
IHHELT ZNASLE JUTRUT
IUFILL SAY BUFFER EMPTY

ENABLE INTEZARRUPTS

RETUAN

AZEINELY LAIGUAGE
T2 FACILITATE
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LA G T) LBITON

EVTER EZCITI

rr CALL IWIT
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T TaLL INIT
= STATT A33EZMBLE®R
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31355
a7 TCHR
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£3132
TSRy

2 ALJQNE EDITOR
2557
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ZrITIEA

25317
391

2132
IMTSRY

usually passed to QUTCHR In one of the
pracessor's registers. OUTCHR checks the
state of the frhibit output fiag, INHBIT. This
is how gontrol-Q takes effect since It
controls the state of INMBIT. If INHBIT Is
TAUE, then QUTCHR simply returna controt
to the caliing program without sending the
character to the terminal. If INHBIT Is
FALSE, then QUTCHR icops, waiting for the
terminal gutput status dit to Indicate that the

terminal is ready to recelve a character.
OUTCHR then outputs the c¢haracter and
returns to the calling program.

4. IN{T - Tha Inltlalization routine (See Figura

5.)
85
Flowchar: fgr QU CHA

INHEIT
=TRUE?

YES

terunal

ready to

receive

charactar,
7

Qutput
character
to terminal

returm 10

galling
program

Figura &

Flowchart For “NIT

enter

intalize system
variabies

Y
return to

calling
program

Figure 5

INIT is called to Initiallze the syatem
variables., For example, INIT might set
INMBIT to FALSE and enable keyboard
interrupts by tnitiallzing the terminal
interface accardingly. The exact actions
taken by INIT can be tailored to beat suit the
particular implementation.

A Note on Interrupts

When an interrupt occurs, the state of
the machine must be saved so that the
interrupted program can later rasumse wherse
it loft off. This is usually handled by pushing
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Machines Have Languages?

By Ken Knecht
539 Addison Ave.
Chicago, (ll. 60613

Knacht |s chief enginesr at the Chicago City
College TV Productlon Center. He's the
authcr of DESIGNING AND MAINTAINING
THE SMALL TV AND CATY STUDIO.

My computer education began in 1975
when | decided te buy an Altair
microcomputer. | sent away for a MITS sales
brochure and had a wonderful time declding
what hardware to get. Then | decided I'd

better get some softwara, whatever that was.
{I presumed it had something to do with
programming the computer.} That's where |
really ran Into some semantic difficulties.
The brochure said | had a choice of
three different versions of BASIC (4K, 8K
and Extended). | noticed that the 8K version
had additional trigonomaetric functions (at
laast that was a familiar term), But even after

PROGRAM CONTROL

the PC end other registers onto the stack.
Although there are exceptions, it is
customary to disable interrupts while
processing an interrupt. The Motorola 6800
MPU takes care of both problems
automatically by pushing all registers onto
the stack and disabling interrupts in
response to an interrupt request.
Implementation tor the Altair 680b

This section describes an
implementation of the design for the Aitair
680b. Complets assembiy listings of the
routines as well as patches to intagrate the
routines 1nto the 680 Assembler and Editor
are given. Readers not interested in this
material shoutd go to the last section of this
article. "Some Further Considerations.”

The implementation for the 680b is
straightforward because the code follows
the flow charts very closely. The following
points are related to the code:
1. In response to an interrupt, the 6800 MPLU
automatically disabies interrupts and saves
all the registers on the stack.
2 The KTl (return from interrupt) instruction
restares all the registers, including the
interrupt mask bit in the condition codes
register.
3. Due o & "bug” in the 6800 MPU, the CLI
{clear interrupt mask) and SE! (set interrupt
mask) instructions do not operate properly
under all conditions. However, if these
instructions are preceded by a NOP
instruction, they will perform properly.
4. All the flags used in the code are FALSE
when zero and TRUE when non-zero.
5. INTSRV uses indexed addressing for the

TEN

Continued
flags and character buffar to reduce
memory usage.

6. INCHAR checks the Monitor's echo tlag,
ECOFLG, and echoes the character It read if
the high order bit of ECOFLG is clear. {Sea
§80b PROM Maonitor Manuals for details.)
7. The code has been tested with the 8630
Assembler and Editor.
Some Further Considerations
1. There are times when a program would
not wart control characters to be screened
from its input. For exampie, when a binary
paper tape 8 being loaded through the
terminal, a control-C {3) Is very likely to
appear in the input stream as load data.
What modifications would be necessary to
handle this situation?
2. INTSRY assumes that the terminal is the
interrupting device. In a systern with a real
time clock that gauses interrupts, INTSRY
would not perform correctly. What changes
woutd be necessary to make INTSRY work
on a system where interrupts are caused by
more than one device?
3. {This one is for experts.) What would
happen if someone held down the
CONTROL, & and REPEAT keys
indefinitely? What factors determine how
long it would take for this resuit to occur?
How could INTSRY be changed to prevent
this problem from occurring?
Feedback

| will be happy to respond to any written
comments, suggestions and questions
regarding this article. Time does not permit
a discussion of these matters over the
phone.

reading the descriptions of each version, |
was still confused about comgputer
languages.

The brochure also mentioned strings,
double precisign Extended BASIC and disk
file /0. That part really left me hlank. i didn't
have a disc on order and didn't think |
neaeded double precision, so | split the
differance and ordered the 8K If debug
meant what | thought it did. | knew that !
would need it. So | grdered it too.
Fortunately, | didn’t ask myself why | was
spending all that money for something |
knew nothing about.

While waiting for the computer to
arrive, | bougnt a few books on BASIC and
finally found cut what | was spending my
hard-earned money for. My decision to
order 8KBASIC had been a good one. The
string tunctions in 8K BASIC allowed me to
use words and sentences as variables in the
program and manipulate them as | wished.

By locking up some BASIC commands
in my books and then checking to see if they
were in the BK version {they usually were}, |
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got an idea of what | could do with my
computer once | butit it.

Ot course, in those early days of
personal computing, there was a big
diffarence betwean building a2 computer and
getting it to run. Not knowing what | was
doing or why | was doing it didn't help aither.
At that time there were no Altair Computer
Centars, books ¢n microcomputing or
hobbyist magazines to hefp me. Evan whan
BYTE finally came out, it was miles over my
head. So it was me, the computer and the
phene line to MITS,

Getting BASIC and my Altair 8800 up
and running was a big battle but a reai
learning experience. Most of the problems
warg ming but with soma help from MITS, |
finally got everything going. Before tackling
BASIC, | decided to try some machine
language programming.

MACHINE LANGUAGE FIAST

{ ran some addition programs in the
§800a Operator's Guide and decided this is
one heck of an inefficient way to add
numbers. The multiplicatlon program was
even worse. With na monitor running | had
to flip front panel switches to enter the
programs.

Mext, | decided to write a memory
checking program. Not knowing any better, |
thought if | wrote al! 1's into each memory
location and then read them back, | couid
find bad memaory locations by looking for
zaros. With a little halp from BUG BOOK I, §
finaily wrote a program that did just that.
This book gave me good insight into just
how each 8080 machine language
command works.

| also tried a machine languagse
program that prints out the locations of the
memory errors. But | never did get it to run.
OGN TO BASIC

It was a monumental struggle to get
BASIC to run. First, |1 found that | had a
wrong jumper oh the |/Q board (8 hits still
sounds maore logical than the 7 bits
required). Then | had ACR alignment
probierns. (I didn't know that some audio
cassette piayaers require disassembly to set
the tape speed and holding them upside
down to get at the speed adjustment. Of
course, after they're put back together and
set rightside up, the speed changes again.)
Finally. | got it all together so that slusive
“Memaory Size?"” would print.

My next problem was to load the boot
loader via toggle switch, start the cassetie
machine and hope no one in my apartment
huilding put a load on the electrical service
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for four minutes. When that happens, the fan
motor in the computer slows down and a
string of “C"'s appears on the terminal. |
finally broke down and got a Sola voltage
regulating transformer and put it in the AC
line between the computer and wail plug
That cured the problem.

BACK TO MACHINE LANGUAGE

About this time | got the debug | had
orderad. MITS had kindly included the
whole Package Il {mocnitor, text editor and
assembler) with the debug. | also received a
lot of documentation and a whole new type
of software for me to try to learn — gssembly
language programming. To the novice,
assembly language programming is like
learning a whole new language. Even an
understanding of machine language
programming doesn't help much in
operating the system. There was no book
equivaient to BUGBQOK ill to go to either. |
finally found a book, COMPUTER
PROGRAMMING HANDBOOK, pubiished
by Tab 752, that gave me a little insight into
assembly language programming. It was
helpful cnce | got through the long
discussions of number systems, how to
convert from one to the other, how to
multiply in octal, etc. Muitiply in octal? Goed
grief! I'm stilf looking for a better book an
assembiy language programming for the
microcomputer. There are plenty on the IBM
360 and 370, but they're not much hselp.

| must admit that | was overwhelmed by
the Package Il documentation and never
really gave it a serious try for any malor
pragrams. | had BASIC and couldn’t think of
any reason to use machine language
instead. But 1 have Sseveral ideas for
programs using machine fanguage, such as
a memory test program and a text editing
routine to use with my word processor
BASIC program. I've discovered that seme
things are not only easier to do in machine
language. but sometimes that's the oniy
practical way.

For example, | want to be able to
emulate the MITS BASIC text editor in my
program but can't do it in BASIC because |
need to suppress echoing some of my input.
There's a control O statement that stops
printout, but it doesn't work for input
statements. So I'll have to do it in machine
language, and of course, the assembler
makes such programming much easier.
Unfortunately, I've got a disc now and hate
to go back to cassette tape. So I'll order a
MITS DOS. Another example s a mamary
test program | have in mind. | first saw the

MITS memory testing program in firmware
run at my local Altair Computer Center. |
want to write my own version to put In
PROM. While I'm waiting for my DO3, I
write both programs in assembly language
and then do testing and editing when DOS
arriveas.

Games

| first ran some carefully selected
programs from David Ahi's 101 BASIC
COMPUTER GAMES. ! based my selection
on whethar the programs ware shart encugh
to load quickly.

| started with the old favorite "Guess,"
in which the computer selects a number at
random and you have to guess what it s
The computer tells you if you're too high or
too low. It may not be the most interesting
game, but everyone has to start somewhere.
After waiting so iong to get samething
running on my computer, even "Guess” was
fun for a while.

| tried some more complex games in
Ahl's book but found that f couldn'trun all of
them because they ran poorly or siowly, or |
couldn't convert from the DEC BASIC to
MITS BASIC. “Hex” is one such game. | still
haven't been able to convert itto MITS string
functions so it wilf run properiy.

Several months |ater | began writing my
own games. But there was always the
awesome challenge of a bilank sheet of
paper and the marvelous program In my
mind. Top down programming? Never
heard of it. | started with line 1 and
continyed from there. | decided that it's
easier to skip to the end of the program and
add a subroutine toc make a prevtous
subroutine work. Even it the routines are a
bit mixed up, the program still runs, Since
the programs were far my own personal use,
| wasn't concerned with legibility.

Of course, this method had its
disadvantages—like when | fried to run the
program two weeks later and it crashed,
giving me the excuse “UNDEFINED LINE IN
113", Hmm. | must have moved a subroutine
from that line for some reason. But what
subroutine and where was it now? | wished
that | hadn’t taken the memory-saving step
of leaving out the comments. So ) went back
to the original handwritten program. {Of
course | had saved it. | save averything.; But
50 many lines were scratched out, moved ar
replaced that | couldn't read it anyway. So |
wasted a haif hour trying to decipher my
code and keep track of all the handy
GOTO's | added when things weran't going
well.
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Childhood Wish
Fulfilled with TIC-TAC-TOE

By Ken Knscht

Evar since | was a |ttle kid and saw the
Bell Telephone TIC-TAC-TOE machine in
the Museurn of Sclence and Industry in
Chicago, | wanted a machine that would play
the game with me. As | grew older anc
learned about electronics, | tried to tigure
out how to use relays, transistors and IC's to
set up tha game. But not untll | bought my
own microcomputer in 1975 was i able to get
my wish,

Although the following routine seems
unbeatable, |t really isn't very aggressive. it
will usually tle but doesn't win very often
untess you do something rather stupld, But
I'm trying to Improve It. I've already learned
that a side or corner opening is supposed to

. be better than the center opening | chose.
Machines The game must be played to the end.

Have Languages? _ | —™ because no ending decislen line is inciudea.
To get out of the program, type “'controt G~

i

Ccmti_nued

Oh well, some paopla have to {earn the
hard way. I've been pragramming for over a LIST 'TIC TAC TOE

year and still astonish myself with the dumb 1 PRINT"WANT DIRECTIONS®:INPUT AS:IF LEFTS{AS,1]<>"Y" THEN S7

mistakes | continue to make. For axampte, 12 PRINT"PLAY TIC TAC TCE WITH THE COMPUTER."
§ 2@ PRINT"YOU MOVE FIRST. TU WIN PLAYER MUST"
earlier this evening | decided to put the 3¢ PRINT"FILL ROW, COLUMN OR DIAGONAL. IF NEITHER"
documentation for a program | hope to sei 40 PRINT"CAN THEN A TIE IS CALLED. "
. . 51 PRINT:PRINT"YQOU MOVE FIRST, TYPE IN THE R {ROW}"
In a flle on disc so | can print copies 52 PRINT"NUMSER AFTER THE FIRST QUESTION MARK,"
whenever | want. So | wrote a simple flve- 53 PRINT"THE € (COLUMN) NUMBER AFTER THE SECOND,"
54 PRINT"SEE THE FOLLOWING DIAGRAM. BOARD WILL BE"
fine pragram to record the stuff on disc. It 55 PRINT"REPEATED AFTER EVERY COMFUTER MOVE."
htflaw - | S7 DIM C(3,3),P(3,3),C8(3,3)
worked very well except for one slight 20 BLed:FOR Xel T0 3
torgot to put In a line to print the Input line on 10 FOR Yal TO 23
disc. I'm sure the computer wondered what | gg gé’;&%‘a‘“x'n’ﬂ tCS (X, Yputen
was doing typing in all those sentences and 188 NEXT X
then throwing them away and replacing 160 PRINT:PRINT:PRINT

178 GOSUB 588 'PRINT BOARD
them — again and again and again. Two 175 PRINT
180 GOSUB 638 'PLAYER'S MOVE

hours of typing documentation waste. Next 192 IF C{2,2)%@ THEN C{2,2)=3:C$(2,2)a"C" 160TO 281
time I'll have to remamber to try the program 208 IF C{2,2}>8 THEN C{1,3)=3:C5(1,3}="C"
first 281 GosUB 59@

' 202 GOsSUB 622

Here's another mistake | recently 283 IFlC(Z.ZI-B AND C{1,1}=1 AND C{3,3)=1 THEN C{l,2)=3:C5(1l,2)="C":

GoTO 210

made. How about FOR X%= .1 to .9 STEP 284 IF C(2,2)=3 AND C(1,3)=1 AND C{J,11=1 THEN C(1,2)=3:C$ (1, 2)="C",
17 That doesn't work very well, because the GOTO 218
o , s 285 IF C(2,2)»1 AND C(3,1)=]1 AND C{1,3)=3 AND C({1,1}=3 THEN
% forces the argument to integer. So | had Cil,1)=3:C8(1,1)="C":G0T0 214
FOR X% = 0 to 0 STEP.1. Not too effective. 206 IF C({2,2)=1 AND Cfl,l)=] AND C{3,1)=1 AND C{3,1}=@ THEN

) . C13,1)=3:C$(3,1)n"CN:COTO 218
But it sure sounded great when | wrote it. 289 GOTO 238

I'm trying to use structured 218 GOSUR 588 ‘PRINT BOAKD

) 220 GOBUB 638 'PLAYER'S MOVE
programming now, and some of the shorter 2314 QUSsUR 718 'CHECK FOR 2 IN A HOM
249 GOSUB 88@ 'CHECK FOR 2 IN A COLUMK
pragrams even end u.pthatway. But | stlll tall 750 GOBUD 948 'CHECK FOR 3 IN A DLAGONAL
prey to the temptation of fixing problems 2628 GOSUB 1850 'CHECK FOR PULL ARRAY
i ; 278 IF BL=1 THEN BL~2:GOTO 21¢

quickly with & handy GOTO or GOSUB to a 280 IF C€{2,2)=) AND C{1l,2}s} AND C(1,1)=0 AND C{l1,23)=0 THEN
vacant line somewhere when | need to fix a Cil,11®3:C§({1,1)="C*1GOTO 21@

2928 IP C(2,2)=3 AND C(2,3}=1 AND C{1l,3}=@ AND C{3,1)=0 THEN

routine. Bad habits die slowly, but I'm trying. Crl, 1)=3:C8 (1,3} C" 1GOTO 210
L . [ L]
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or add 870 and 1160. A "ng player wins” line
is also included for whan the gameé ends ina
tle. The program is pr--.irily predetermined
moves based on pravic=is moves. It does its
own bBlocking and ilne completion but
doesn't make any [niricate determination as
to what the next move should be.

it would be interesting to come up with
an algorithm for deciding where to move.
One possibility is to number the squares In
the TIC-TAC-TOE fleid llke a magic square.
For exampie, row 1;2,9.4: row 2; 7,5,3: row
3.6..8. The sum of each column, row or
diagonal equals 15. The computer must then
try to get three numbers totaling 15 before

the other piayer while blacking the
cpponent's attempt to do so.

The program could ke written to be
self-teaching~-the computer puts all nine
positions in a string at each mave together
with the move it made from the current
position. If the computer loses, it would
arase or disregard the last mave and try
another when that position reappearad. If all
tries from that poesition result in a losing
game, It would move back to a previous
paosition and try all the possibilitias there.

The fallewing program contains
enough comments so that any modifications
can be easily added.

Program
Useful for
Number
Conversion

by Pat Diettmann

This program first appeared in the
AMATEUR COMPUTER GROUP OF NEW
JERSEY NEWS, Vol. 3, No. 6, June 1977 It
will run in MITS 8K BASIC, version 4.0

LIST
188 IF C{2,2)=3 AND C{2,1}= .11=8 AND C(3,1)=@ THEN
c(l 1}=3£§$fir%]:"c";éoTo)ziﬂAND b { ) 2 REM BINANY BASIC BY M.G. '"PAT’ DIETTMANN
3116 IF C(2,2)=3 AND C{3,2)%1 AND C(3,1}=8 AND C{J,3})=8 THER % PRINT "NUMERIC SYSTLH COWNVERSIONS®
Cl3,3)=3:05(3,3)="C":GOTO 218 10 PRINT *DECIMAL" ¢ *DINARY " s *HEX" ¢ *0CTAL®
376 IF C(2,1y=1 AND C{1,3)=1 AND C{2,2)=3 AND C{(1,1)=8 THEN C{l,1)=3 15 LET C=A
$C$(1,11="C":60TO 218 20 INPUT*WHICH SYSTEMID,EH.Q) *ias
38 IF C(l,2)=1 AND C{3,3)=1 AND C(2,2)=3 AND C(1,3)=3 THEN C(1,3)=3: 30 IF As="D" THEN 400
C5(1,3)="C":G0TC 219 AD IF A%="B" THEN 300G
3198 IF C(2,3)=1 AaND C{3,1l)=] AND Ct(2,2)}=3 AND C(3,3)=2 THEN C(3,3}=3: 3¢ IF As='H' THEN 100
C$(3,3)="C":GOTC 21@ 40 IF As=*G* THEN 200
492 IF ¢{1,1)=1 AND C(3,2)=1 AND C(2,2)=3 AND C(3,1)=8 THEN C({3,1)=1: 70 GOTO 20
C5(3,1)="C":GoTC 214 100 INPUT*HEX ik
419 IF (¥=! AND ¥=2 AMD C{1,3)=P} OR {¥=2? AND ¥=3 AND C(1,3)=&) THEN 102 KOm 0000  +K$ I KBRIGHTS(K#+4>
C(1,3)=3:C5{1,3)="C":GOTC 214 105 L#=""!REH NULL L%
420 IF (X=2 AND Y=3 AND C(3,3}=0)] QR (X=3 AND Y=2 AND C{3,1}=8) THEM 110 FOR J=1TO4
C{3,3)=3:C%$(2,3)="C":GOTC 218 120 J$=MIDS(KSsJrl)
438 IF {X=3 AND ¥=2 AND C(3,1)=@) OR (X=2 AND ¥=1 AND C{3,1)=8) THEN 130 GOSUR 2400
C{3,13=3:C5(3,1}="C":GOTC 21% 140 L=l $+EPINEXT J
448 IF {X=2 AND Y¥Y=] AND C(1,1)=d) OR (x=1 AND ¥=2 AND C{l,1)=@) THEN 145 AS=L$:GOSUR 15C0:GOSUG 2200
C(l,1)1=3:C8¢1,11="C":GQTO 218 150 PRINTAsL$1K%:CH
45@ IF {(X=1 AND Y¥Y=1 AND C({1,2}=8) OR (X<l AND ¥=3 AND C(l,2)=@) THEN 140 GOTO 100
C(1,2)=3:C5{1,2)="C":GOTC 218 206 INPUT®OCTAL "iKE
460 IF (X=1 AND ¥=3 AND €(2,3)=8) OR {X=3 AND ¥=3 AND C(2,3)=0) THEN 20T K$=*000000  +KIKScRIGHTR(NS, &)
C(2,31=3:C$(2,3)="C":GOTO 218 210 Lsm**33EH NULL L$
478 IF {X=3 AND ¥Y=3 AND C(3,2]=3) OR (X=3 AND Y=l AND C(3,2)=8) THEN 220 FOR J=iT70&
C13,2)=3:C${3,2}="C":COTO 218 230 JecmIDS{KErJrl)
489 IF [X=3 AND ¥=1 AND C({2,1l)=3) CR (X=1 AND ¥=1 AND C{2,1}=8) THEN 240 GOSUD 2409
€42,1y=3:C5(2,1)="C" :GOTO 218 250 IF LEFT$(E$>1)="1* THEN Es=‘%srm*
382 PRINT:PRINT: PRINT I . 260 LS=LS4RIGHIS(ES,3)
530 PRINT TAB(5); C10:TAB(9);7C2T;TAB13);7C3" 9):CS (1,27, TAB(11) ; | 270 NEXT JiASaRIGHTS(LS,14) iLsmas
549 PRINT TAB(2);"R1";TAB{5);CS(1,1);TAB(7);"I";TAB(9)5CS (L, 2):TABILILY ¢ | hay gogus” 15003 u0sUD 2300
I";TAB(13);CS 1, 3) " 290 PRINT ArL$rB9-K&:G0TG 200
560 PRINTIAB(2) ) "R2%;TAB(5) 70 (2, 1) ;TAB(7) ;" 1" ;TAB(8) 15 (2, 2) ; TAB(11); | 300 INPUT'BINaRY" ;a3
a t2}: ! ' P ! 4 ‘ reny T 1310 AS=T00GO000000000000% +AB: ASERIGHTS (A%, 142
"I":TAB(13);C5(2,3) 320 Ls=A%IGOSUR 1500
578 PRINT TAB{4);"-=—======c-= " 330 nosua'ﬂ“oo
580 PRINT TAB(2];"RI";TAB(5);CS(3,1);TAB(7); 1" TAR(9);C5(3,2) 5 TAB(1LY; | 33, ==
"ITSTAE(L3);CSt3, B 40 Gosue 2300
‘ el r 330 PRINT ArA$:BS.Cs
628 RETURN 340 GOTQ 100
638 PRINT"YQUR MOVE. ROW?":INPUT X 400 INPUT-2ECIMAL® 14
646 IF X>3 DR X<l THEN 1184 410 LET Coh
L " U, - a
Egg ??‘333Y33Ry3?0$é5503223' FINPOT X 420 GDSUE 1000:G0OSUB 2300!GOSUB 2200
€78 IF C(X,Y}>d THEN 704 420 PRINT C:A%:DE:0s
EBY C(X,Y)=1:C§(X,Y)="F" 440 GOTO 490
694 RETURM 1000 REM COWVERT DECIMAL(A) TO BIN(A®) 1& BIT
769 PRINT"THAT SPACE 15 ALREADY TAKEN: TRY AGAIN.":GOTO 638 1005 LET Bv43536
718 S=:C=3;FOR A=l TO 2 1010 IF A>tB-1) THEN A%=*X#ERROR<Xx"RETURN
729 FOR B=1 TQ 3 1020 LET A%="" REH NULL A%
734 GOSUB 778 'CHECK FOR 2 DR 3 IN A ROW 1030 FOR I=1%014
748 HEXT B 1040 B=INT(B/2+.2)
798 S5=8:C=Q:NEXT A 1050 A=A-E
768 RETURN 1060 IF A<0 THEN A=a+Bias=aAs+'0*:IGOTQ 1080
778 IF C(A,B)=3 THEN 852 1070 Af=At+"1"
78@ IF C(A,B)>0 THEN S=5+C(A,B) 1080 NEXT!RETURN
798 IF 5=6 AND C=5 THEN 838 'FILL LINE AND WIN 1500 REM CONVERT BIN 1& BIT(LS) TO DECIMAL(A)
808 IF S=2 AND C=5 THEN GOSUB 12d8 'BLOCK AVAILABLE 1510 Am0iB=32748
B18 IF 5=9 THEN 864 1520 FUR 1=1TUlé
2820 RETURN 1530 IF MILS{L$sIr1)="0" THEN 1550
§38 C(Aal,Bl)=3:C3(ALl,Bl)="C" :GOTO BEH 1540 A=ALR
848 C{AL,Bl)=3:CS(Al,BLl}="C";:BL=P:GOTO 219 1550 P=INT(B/2F.2) INEXT I:RETURN
858 Al=A:Bl=g:C=5:60TC 799 . .
860 GOSUB 528 Program ant1nued Program Continued
on Following Page on Following Page
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Program Useful for
Number Conversion

Continued

2000
20190

2020
2030

2Q40

21¢0

2110

2120
2130
214¢Q

2150
2200
2210
2220
2230
2240
2250
2260
2270
2I0¢
2310
2320
2330
2340
2350
2340
2400
2410
242¢
2430
2440Q
2450
3000
3010
3015
3040
3630
I170
Ii890
3200
I210
3220
3340
3370
oK

LAaTA
DaTA
haTh

fO0GO%» 0T, 0001, 1T PODI0T 20 10021
Y0100 4%, 20101 "5, 0110 "6y "0LIL"
FlO00r T BT "1001 s TP, LOLC A" 101"
DATA “11G0"»*C " LICL* " D"y "1110","E"y*1111"
DATA 'KIPPT",'4/8/77"

REH CONVERY 4 BIT SIN(D$) TO HEX DIGIT(F$)
RESTARE

FOR I=17014

READ ES»F$

IF D$=E3 THEN RETURN

HEXTIFS=*4* IRETURK

RZM CORVERT BINCASITO CCTAL{CS)

Lam* = IREM WL C%

Géa'00"+as

FOR J=1TO14& STEP 3
DE=HIDS G tr3)I0E="0" 4D

GOSUn 2100

CE=Ca+FeINEXT J

RETURH

REM CONVERT 14 RBIT BIN{AS) TO KREX{B%)

Be="") REM NULL A%

FOR J=1T0L3 STEP 4
DE=MIDSCASrJrd)

COBUE 2160

BEEHBHFSIHNEXT J

RETURN

REM COMVERT HEX DIGIT(J#)
RESTORE

FOR I=17014

READ ES$sFs

IF J$=F% THEMN RETURN
HEXT IEf="s¥xx" IRETURM
REH TD ELIMINATE DATA REQUIREMENT
REM USE THZ FOLLOWING

REM FOR BIM TD HEXL OR DETAL

IF D¥=7"Q0G50" THEN Fe="0"iRETURN
REH 0001 TO1110 LSE 1 TQO E

IF Ds="1111" THEN Fé=*'F"IRETURN
Fé="x'IRETURN

REM FOR HEX TD RIN

IF J9="0°* THEN E+='Q000" IRETLRN
REM 1 TQ E USE 0001 TQ 1110

IF J$='F* THEN E¥="1111'IRETURN
E$="ERef* IRETURN

70 4 BIT BINCES)

1535 IF MIDS$(L$-I»1)><"1" THEN A=-1ES!GOTO 1550

RUN
NUMERIC SYSTEM CONVERSIONS
DECTHAL BEIN&RY HEX
WHICH SYSTEM(D-BrH+0) 7 H
HEX * ABXC
-9%980 10101011 x%%x1 100 ABXC
HEX 7

OK
RUN
MUMERIC SYSTEM CONVERSIONS
DECIMAL BIMARY HEX
WHICH SYSTEM{(D:sBrHsO) D
DECIMAL® O

0 000000QCQ0000000 eLalels]
DECIMALT &353%

45535 111131111131111% FFFEF
DECIMALT 43538

48334 t¥ERROREX XK p et
DECIMALT 32747

32747 Q1131111411131132 7FFF
DECIHALT 22743

32748 1000000000000000 2000
DECINALT 4094

4074 0001000400000000 1000
DECIMAL? 4073

4075 Q0goItil11111411 GFFF
DECIHAL? 2546

238 Q000000100000 000 o100
FOURTEEN

Childhood Wish Fulfilled

g7@
88
898
909
91d
928
9138
%449
958
968
970
988
998
1980
lale
1620
l1a3a
1840
1858
l1a68
1374
1258
1898
1120
1112
1120
li3a
1148
115@
1168
1178
1188
119a
1249
1219
1220
1238
oK

with TIC-TAC-TOE
Continued

PRINT"COMPUTER WINS. TRY AGAIN?":G0TO 68
S=@;C=3:FOR B=]1 TO 3
FOR A=1 TO 3
GOSUB 778 'CHECK FCR 2 QR 3 ALIKE IN & COLUMHE
HEXT A

S=f:C=@:NEXT B

RETURHN
S5=9:C=42
A=1;:;B=1:G0OSUB 778
A=2:B=2:GOSUB 779
A=3:R=3:6505U8 778

'CHECE FOR 2 OR 3 IN A CIAGONAL
S5=0;:C=8

A=]1:B=3:GOSUB 774

A=2:R=2:GCSUB 778

A=3:B=1:GOSUB 774

'"CHECK FOR 2 QR 3 IN A DIAGONAL

RETURN

S=@:F=B:FCR A=l TG 3

FOR &=1 TOQ 2

GOSUB 1118 'CHECK FOR FULL ARRAY

HEXT B

S=@:NEXT A

RETURN

IF C(A,B)>8 THEN S=5+C(A,B)

IF 5=5 DR S=7 THEN 1148 'LINE IS5 FULL
RETURN

F=F+1

IF F<3 THEN 113i@

IF F=3 THEN PRINT"GAME IS TIED. TRY AGAIN?"
GOTO 68

PRINT"ILLEGAL MOVE. DO NOT TYPE 1IN A NUMBER GREATER®
FRINT"THAN 3 OR LESS THAN 1.,%:GOTO 618
IF BL=2 THEHW 848

BL=1:RETURN

GosuB 548

PRINT:PRINT: PRINT"PLAYER WINS. TRY AGCAIN2":GOTC 69

0CTAL

12544

OCTAL

Q00000

177777

Q27777

100090

016000

Qe77I7

000400

Program continued
on following page
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ox
RUN
NUMERIC SYSTEM CONVERSIONS
DECIMAL BINARY
WHICH SYSTEM(D+ByH»0) ? B
BINARY? Q

o G000000000000000
BINARY?T 1010101010101010

4I67) 1010101010101010
BINARKYT QICQI010101010101010:

21845 01CG1¢10101Q10101
BINARYT |

1 GGO00COC00000001
BINARYT 111111141

235 00000000 11111111

BIMARY® L1111111CoG00000

55200 1.11211100006000
BINERYT 1000000000306G000

32748 1000000000000M00
BINARY? 010000000000C000

15394 01C0000000600000
BINARYT 123456789

511 0000000123454789
PINARY? 99

z 00000000000000%%
BINARY?
oK
RUN

NUMERIC SYSTEWM CONVERSIOMS
DECIHAL BIMARY

WHICH SYSTEM(OsRsHr0) TH
HEX 70
o

C0000000I0000000

HEX T FFFF

63333 11111111311113111
HEX T 000

32748 100000000 0005000
HEX T 4000

16304 0100000000000000
HEX * 2000

a192 003 0000000000000
HEX 7 1000

40%4 G001000000QG0000
HEX 7 O8O

2048 000012000000 0000
HEX T 400

1624 Q000010000000000
HEX T 200

512 000000100000Q0G00
HEX ? 100

2594 COO00001 00300000
HEX T 00BC

128 QOQQ00001 0000000
HEX T 040

b4 Q000000001 000000
HEX * 20

32 QON0QOR0C010C000
HEX ? 10

16 COQOCo0L00010000
HEX 7B

-] 000000000001 000
HEX ? 4

4 QGOO000020000C100
HEX 2

2 QGOQCOCOG00000010
HEX *1

i Q0000000000000
HEX T FFOgQ

65280 1111111100000000
HEX ¥ OOFF

235 00000000121111131
HEX T FOFO

51680 11110020011130000
HEX Y MXYZ

£3535 EXFEXMARXXLXLNKF
HEX * XABCCDEF

52719 1i00110111101111
HEX T XABC

4168 XXAX101010111100
#HeX T ABXC

44026 10101011%xx31100
HEX 7

* Indicates Note 1

C/N August, 1977

HEX

0o00
AAAA
3333

cool

QOFF
FFGQ
89Q0

4900

01%x

Q00*

HEX

0000
FFFF
8000
4000
2000
1000
0800
0400
0200
0100
0080
0040
0020
0010
0008
0004
0002
0001
FFoo
00FF
FOFQ
§XT2
CDEF
*AEC

ABXC

oCTaL

[eloalslels)
125252
052335
eledolole g
Q06377
177400
100008

040000

¥ oooxxx

* goocok

OCTAL

Q00000
177777
100000
040000
020000
010000
204000
002000
201000
000400
000200
000100
000040
200020
000010
000004
000002
o000l
177400
000377
170340

WEEXEN

*k 144757

w*XT274

12%4%4

Program continued
on following page

in text.

Altair 88-S4K
Power Supply

Schematic

By Glenn Wolf

The following errors should be noted
on the Aitair 88-S4K board. The J & K inputs
to the second half of Flip Flop E are tied to
¥+ not Voo, The Power Supply schematic
was aiso never published with the manuail

Natice in the schematic that the
purpose of R2 & R3 are to relieve some of
the load from the reguiator whife still
maintaining a reguiated output voitage. The
purpose of R11s ta provide | limiting for the
V+11 line, which goes to inputs of chips that are
unprotected internally. The VDD {t112v} supply
goes to pin I8 of the RAMS and is also used for the
generation af the RAM chip Enable pulse, which is
supplied to pin 17 of the RAMS. The VBB {-Sv)
supply is requlated with a 5 Iv zener. Depending on
the type of RAMS used, this zener may have to be
changed. For example, 4030 RAMS would require a
3.3v zener.

[ .
= -
Hree—— - - =
e STL. - s —
= * = =, T
o i

Command
Changed

The Altair 680 BASIC command for
outputting to the KCACR control channel
shouid be changed from POKE-4080 o
POKE-61456. {See pp 30 and 31, paragraphs
2-15 and 2-i9.) The negative complement of
the address is no longer used. When using
PEEK or POKE in Altair 680 CSAVE BASIC.
the actual decimal address may be used

m
f
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HARDWARE

Using Sector Interrupts
on the Altair Floppy

By Thomas Duraton

Although the interrupt circuit of the
Floppy Disk Controller is an extremely
useful feature, not many users take
advantage of it because it Is not utllitzed in
Aitair Disk BASIC. The primary functions of
the interrupt procedures listed hera are fo
save CPU time In systems that ars
supporting Floppy Disks and othar
oparations simultaneously.

The mest obvious use of the sector
interrupts is to perform a sector search tor
disk 1/Q. The disk controller intsrrupts the
Altair computer at the beginning of every

soctor, or every 5.2 ms. Oniy a few
microseconds are used to identify the sector
count, and the Altalr computer can perform
other tasks untll the required sector is
found.

Interrupts can also be used for disk
system timing. Instead of chacking Move
Head status every time the disk head is
stepped, the timing ¢an be controlled by
sector interrupts. This is done by enabling
interrupts and issuing the desired step
command after the flrst interrupt is received.
Then, since Interrupts ocour every 5.2 ms,

Program Useful for

Number Conversion

ox
RN
HUMERIC BYSTEM COMVERSIONS
TECIMAL BINARY
HHICH SYSTEM{D+Bri+D) To
OCTaL T 0

Q 0000000000Q00000
BCTAL * 177777

45335 11131111111311311
BLCTAL T 700000

327468 1000000000000000
OCTalL T 10000¢

32748 1600000000000000
OCTAL T 070000

28472 011100000000000¢
OCTAL Y 040000

16304 010¢0000000000G0
0CTAL T 123454739

24043 010111011 1%TR%RNY
OCTAL T 123032

43590 10101010103101010
8CTAL 7 032825

21545 0101010101010101
[cTaL
ox

* Indicates Note 1 in text.

SIXTEEN

Continued

HEX OCTAL

04000 000000
FFFF 177777
8vo0 700000
B860C 100000
7000 070000
4000 040000
SOsx * 454789
AAAR 125252
5355 0352528

count two interrupts {(10.4ms), and issue the
next step command. This process may be
used to step the disk head any number of
tracks {within @ to 76) without checking MH
status. When locking fortrack @, check for
track® status befare issuing the step
command. If you change step direction, wait
a minimum of 30 ms or 6 sector interrupts
between opposite direction step commands.
The onty time this change of step direction
appears is when referencing to track d and
immediately stepping to to another track. |t
usually doesn't occur during reading and
writing because of the 45 ms Head Settle
delay.

The Head Settle delay may also be
simulated by counting sector interrupts.
This timing function can be controlled by
enabling Interrupts, issuing the head load or
last step command on the first interrupt and
counting 9 more sector interrupts. At the
ninth interrupt, the head will be stable for
reading or writing data, and the search for
the desired sector may begin.

As for the hardware, there are two
areas on the controller boards that must be
checked before utihzing interrupts. On
contraller baard 2, Rev. 0-X2, there is a track
trom 1€ J1, pin 1 which passes by and makes
connection to a pad usad by C15 This track
is on the back side of the P.C. board and
must be disconnected from the C15 pad by
cutting the land between the track and the
pad.

On disk controller board 1, the SAI
jumper must be connected to the destrad
interrupt pad. For single-level interrupts usa
the INT {or PINT) pad. For Vectored
Interrupts, use the highest priority level, VIO,
If the board 115 Rev. 0-X3, solder the jumper
wire to the end of the gold finger on the stab
connector on the P.C. board.

C/N August, 1977
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