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EXCLUSIVE!
ALTAIR 8800

The most powerful minicomputer

HE era of the computer in every
home—a favorite topic among
seience-fictlon writers—has arrived!
It's made possible by the PopuLAR
ELECTRONICS/MITS Altair 8800, a full-
blown computer that can Hold its own
against sophisticated minicomputers
now on the market. And it dossn't cost
several thousand dollars. In fact, it's
in a color TV-receiver's price class
—under $400 for a complets kit, -
The Altair 8800 is not a “demon-
strator" or souped-up calculator, It is
the most powerful computer ever pre-
sented as a construction projectin any
electranics magazine. In many ways, it
represents a revolutionary develop-
ment in electronic design and think-
ing.
The Altair 8800 is a paraliel 8-bit
word/16-bit address computer with an
instriction cycle tima of 2 ps. Its cen-
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:.jfﬁprouect ever presented—can be built
for under $4°°

BY H. EDWARD ROBERTS AND WILLIAM YATES

tral processing unit Is a new LSI chip
thatis many times more powerful than
previous IC processors, It can ac-
commaodate 256 inputs and 256 out-
puts, all directly addressable, and has
78 basic machine instructions (as
compared with 40 in the usual
minicomputer). This means that yau
can write an extensive and detailed
program. The basic computer has
256 words of memoty, but it can be
economically expanded for 65,000
words. Thus, with full expansion, up to
65,000 subroutines can all be going at
the same time.

The basic computer is a complete
systerm, The program can be entared
via switches located on the front
panel, providing a LED readout in bi-
nary format. The very-low-cost termi-
nal presented in PoruLAR ELEC-
TRONICS last month can also be used,

PROCESSOR DESCRIPTION
Processor: 8 bit parallel

Max. memory: 85,000 words {all directly

addressabla)
Instruction cycle time: 2 s {min,)
Inputs and outputs! 256 {all directly ad
dressable)

Mumber of basic machine instructions:

78 {181 with variants)
Add/substract tima: 2 ps
Number of subrouting levels: 65,000

Interrupt structure: 8 hardwire vectored

levals plus software levels

Number of auxiliary registers: 8 plus
stack peinter, program counter and

accumulator

Memory type: semiconductor (dynamic

or static RAM, ROM, FROM)

Memory access time: B50 ns static RAM:

420 or 150 ns dynamic Ram

a3



In an upcoming Issue, we will de-
scribe how to build a low-cost CRT-
type terminal that can be used with the
computer and can also be mated with
any time-sharing computer by tele-
phone.

About the Computer. Acomputeris
basically a piece of variable hardware,
By changing the bit pattern stored in
the memory, the hardware (electronic
circuitry) can be altered from one type
of device to another. When the bit pat-
tern, and thus the hardware, is
changed, we have what is referred to
as "software.” Any type of variable in-
struction (programming)—such as
Basic, Fortran, Cobol, Algol—Is gen-
erally classified as software.

To causeit tovary the hardware, you
must communicate with the compu-
ter. In the case of the 8800, this is done
by setting the bit pattern on the front-
panel switches in accordance with a
set of instructions (provided with the
Intel 8080 LSI chip). For example, the
8800 computer will automatically add
when a specific bit pattern (10000010}
is received. By setting address and
data switches, a complete program of
up to 7B steps in the basic computer
can be inserted into the processor. If
extensive programming is to be per-
formed, an assembler or higher lan-
‘guage is used. With an assembler, the
person doing the program simply
types the word “add" on the device.
{In Basic and Fortran, a + is used in-
stead.)

Fundamental programming con-
cepts are simple enough to masterina
ralatively short time. However, to be-
come an efficient programmer re-
quires a lot of experience and a large
amount of creativity.

The block diagram of the basic 8800
computer (or any computer, for that

matter) is shown in Fig. 1. It consists of
the following subsystems:

CPU. The heart of the computer is
the CPU, or central processor unit.
See fig. 2. The CPU performs all the
calculations, generates system tim-
Ing, and makes all decisions. Of par-
ticular importance are the decisions
the CPLU makes concerning what de-
vice should have access to the data
buss. It makes these decisions by
sending status information at the be-
ginning of each computer cycle, tel-
ling the memory and the input/output
what to expectfor the restof the cycle.

The CPU contains the program
timer, sometimes called the P counter.
This device keeps track of the current
location in the memory that the proc-
essor s using. Also located in the CPU
is the arithmetic unit.

The CPU used in the 8800 computer,
tha Intel BOBO LSI chip, is relatively ex-
pensive in quantities of one. It was
selected, however, because it serves
to create & minicomputer whose per-
farmance competes with current
commercial minicomputers. In prac-
tice, a lower-performance processor
would have been adequate for the ma-
jority of the tasks the user might wish
toinitially define. But the problem with
the lesser-power approach is thatrela-
tively little money would be saved, and
it would be doomed fo near-future ob-
solescence for practical purposes.

Our intent here was to produce a

processor with more than enough
power to handle any job.

Still another consideration was
programming. The larger the instruc-
tion set, the easier the computer is to
program. The 8080 chip has 78 in-
structions, which is almost twice that
of the next power level CPU available
{Intel's 8008), which is really designed
for use as a buffer.

The GCPU contains eight general-
purpose registers, P counter, arithme-
tic unit, accumulator, stack pointer,
instruction decoder, and miscellane-
ous timing and control circuits. The
arithmetic unit is of special interast
because it contains the circuitry re-
quired to perform arithmetic in both
decimal and binary formats.

The stack pointer is the register that
keeps track of the subroutine ad-
dresses. The 8800 computer i3 capa-
ble of performing an almost unlimited
number of subroutines, a feature not
available with other microprocessors
and absent in many minicomputers.

The instruction decoder is the core
of the variable-hardware concept. It

POPULAR ELECTRONICS
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Fig. 8, The logic associated
with the CPU (ICI) is shown
at left. All of the buffers

and latches are on o single
pe board, Connecting wiring
is through a 100-line buss.

decodes the Instructions and sets up
tha various reglsters, gates, etc., inthe
GPU for proper tunctloning. All sysleain
timing comes from the CPU. (The logic
assoclated with the CPU is shown in
Fig. 3, while the system clock is shown
In Flg. 4.)

Memory. A computer memory
stores the various binary 0's and 1's
that make up its language. These 0's
and 1's are known as bits. Some
memories are organized to store 4, 16,
24, ar 32 bits to a2 word, while
others—specifically those in the 8800
computer—are organized to store
gight bits to a word. Each time the CPU
requests data from the memory, a
complete word is transmitted. The
term byte is interchangeable with the

Printed civonit boards are
deaigned so that the various
mating pads are aligred.
Multi-conductor ribbon cable
interconnects the boards.

POPULAR ELECTRONICS



term word inan 8-bit processor. (The
basic 8800 memory is shown in Fig 5.)

The time required from when the
address first appears until the data is
stable is called "access time.” In most
modern semiconductor-memory
minicomputers, it rangesfrom 15nsto
30 ps. With proper adjustments, any
memory speed can be used in the 8800
computer, although standard memory
time is B50 ns for a static random-
access memory (RAM) and 420 nsfora
dynamic RAM. Higher-speed memo-
ries will not appreciably affect
the performance of the computer,
while slower-speed memories will re-
sult in an overall reduction in system
speed.

In addition to semiconductor

RAM's, the processor will also service

ROM's (read-only-memories) and
PROM's (programmable read-only
memories). Access time should be
reinforced for the particular memory
used.

Any conventional memory can be
used in the computer if the input load-
ing on the buss does not exceed 50
TTL loads and if the buss is driven by
standard TTL loads. Normal expan-
sion loads to the buss would be one

standard low-power load per expan-
sion card.

Front Panel. The front-panel logic
permits the following functions:

1. sTOP; Stops the processor im-

mediately after it completes the cur-

rent .instruction. An automatic stop
occurs when power is turned on (in-
terrupts are disabled).

2, AUN; Starts the pracessor at the
current address. :

3. examiNE: Causes the data stored
at the location (set by the switches) to




be displayed in binary by LED’s.
' 4, gExamine nexT: Steps the P
counter once and displays the word
- gtered at the noxt location.

5. DEPOSIT: Causes the Information
preset by the switches to be stored In
the memaory.

6. DEPOSIT NEXT: Stops the P
counter and loads the memaory.

7. SINGLE STEP: Steps the program
one instruction.

8. RESET: Clears the CPU and sets

up a starting address of 0.
: 9. cLeaR ExT: Clears all Input/ out-
put devices; occurs automatically
when power is turned on.

10. PROTECT/UNPROTECT: Allows
selective protection/unprotection of

blocks of memory. When a block of |

memory is protected, it is impossible
to write over that block, but its con-
tents can be read out.

There are 36 LED status indicators
on the front panel, 16 of which are
used for the address buss, 8 for the
system status latches, and 8 for the
data buss. The four remaining LED's
are used for indicating memory-
protect, interrupt, system-wait, and
hold status.

Power Supply. Four power
sources are requlred to operate the
camputer: +5 volts at 2 amperes, —5
volts at 500 mA, —12 volts at 500 mA,
and +8 volts at 6 amperes. The first
three are regulated, while the last is
unregulated. Thethree regulated lines
power the processor. The unregulated
line powers the peripheral cards that
can be used to expand the system,
each of which has its own 5-volt reg-
ulator on board. This reduces electri-
cal noise and obviates the possibility
of total system failure dug to the fail-
ure of only one regulator.

Expansion. The basic computer is
designed for almost unlimited
peripheral and memory expansion,
using a buss system where all
inputfoutput connections merge into
a common line. Hence, an external
card can be plugged into any slot and
it will function properly. The only qual-
ification is that each card have an ad-
dress decoder to allow the specific
card to take what data it needs from
the common buss and put data on the
buss as required. The processor buff-
ers are designed to drive 300 external
cards, which should be adequate for
most applications. Bear in mind that
only 17 cards will yield 85,000 words of
memary.

[Editor's Mote: At this writing, a
number of different peripheral devices

are In varlous stages of design or un-

dargaing tasts]

Assembly Details. The basic com-
puter employs four printed circuit
board assemblles, each of which con-
tains one functional element of the
basic system. Because the boards are
large and very complex, we are not
publishing etching and drilling guides
or component-placement diagrams.
Instead, you can obtain asetof guides,
diagrams, an Instruction set, buss
points, and imiscellanscus infarma-
tion by sending a stamped self-
addressed 812" x11" manila envelope
with 40c postage to MITS, Inc. (See
note below Parts Listfor addrass.} Re-
quest the PES8800 package.

The front panel display board ac-
commodates the 36 LED indicators
and their associated drivers. Address
line inputs A through A76, data lines
DO through D7, and the various status
lines originate on the CPU board. The
boards have been designed so that the

various mating pads on both are
aligned. Multisconductor flexible rib-
bor cable intarconnects the boards,

The front panel control board con-
tains the circuitry for the interfacing
between the control switches located
on the front panel and the CPU. In ad-
dition to the interconnections to the
actual processor, this board accepts
memory address switches A0 through
A15 (also on the front panel). The first
eight of these switches (D0 to D7) are
used to put data into the CPU. The
EXAMINE/EXAMINE NEXT, DEPOSIT/
DEPOSIT MEXT, SINGLE STEF, and RUN/
sToP switches are also wired directly
to the front panel control board.

The third board contains the Intel
B0B0 central processing unit LSI chip,
two-phase clock and buffers, and the
various lines going to the buss. (The
buffers are tri-state, high-input-
impedance, high-output-level de-
vices.) This board also has four dual-D
flip-flops wired as latches for the eight
bits of status information.-All input
and output wiring to'and from the CPU
board Is via a 100-line buss.

The basic memory board contains
256 eight-bit words of random access
memory (RAM). It is directly expand-
able to 1000 words. This board also
contains the inputfoutput data-gating,
address-decoding, memaory-wait, and
memory-protact circults. The mem-
ory-wait clrcuit allows the mem-
ory time to stabilize the output data to
the processor, while the memaory-
protect eircuit prevents accidental
overwriting of the memory. All con-
nections between the CPU and the
memory board are via the 100-line
buss.

The four boards, along with the
power supply, mountin an 18-in. deep
by 17-in. wide by 7-in. high (45.7 x 43.2
® 17.7-cm) metal cabinet. The various
operating switches and LED indi-
cators go on the front panel. When all
this is done, the computer cabinet’s
interior will appear to be almost
empty. However, the internal cabling
system is arranged with connectors to
accommodate 17 more boards within
the case, all connected to the main
buss lines. The added boards can be
usaed for memory, inputfoutput de-
vices, control devices, etc. All you
have to do Is plug the boards into the
connectors and the computer does
the rest,

Part 2 of this article, next month, will
describe the operation of the com-
puter and present some sample
programs. &

POPULAR ELECTRONICS



e ALTAIR 8800
MINICOMPUTER

PART TWO

Practical use of the compuier, including programming
BY H. EDWARD ROBERTS AND WILLIAM YATES

AST MONTH, we discussed the

various subassemblies used in
the basic Altair 8800 computer, went
into detalls on how it is assembled,
and listed a few applications. Here, we
will describe a test pregram to be used
in checking operation and then focus
on practical uses and go through a
software example to familiarize you
with some operating proceduras.

Test Program. The following simple
program Is used for initial testing of
the computer's operation. It also illus-
trates how a program is loaded and
run, The selected program will add
two numbers stored at address loca-
tions 128 and 129 and store the result
at address location 130, The proce-
dure is as follows:

1 Set the power switch to onN and
momentarily toggle the RESET switch.
(Mote: Excluding the power switch, all
bottom-row switches on the front
panel are spring-loaded, momentary-
action types. The switchas automati-
cally return to their center-off posi-
tions when released from either of
their operate positions. When in-
structed to operate any of the bottom
row switches, momentarily throw it to
the position indicated and release it

2 Set address switches A0 through
A15 all to the 0 positions (down). Op-
erate the EXAMINE switch, which
should cause address LED's AQ

through A15 to extinguish to indicate
that location 0 is ready. (Some of the
data LED's, DO through 07, might be
illuminated, indicating the current
contents at location 0.)

3 Mext, store the load accumulator
instruction at location 0 by using the
binary number for 58 (00111010). Set
this binary input up by using switches
D0 through D7, with a 1 represented
by the switch inthe up positionand a 0
with the switch in the down position.
Hence the switch sequence for
00111010 would be: D7 down, D&
down, D5 up, 04 up, D3 up, D2 down,
07 up, DO down. Store this number at
location 0 by operating the DEPOSIT
switch. The D0 through D7 LED's
should now match these settings, with
alighted LED Iindicating a t and a dark-
ened LED indicating a 0. None of the
A0-A15 LED's should be on indicating
location 0. The load accumulator in-
struction now tells the computer that
the naxt two entries will be an address
number (16 bits). Upon program ex-
ecution, the data stored at that ad-
dress number will be transferred to the
accumulator.

4 Address numbers, such as ad-
dress 128, are expressed in 16-bit bi-
nary format. The |least-significant bits
(last eight) are stored in the first mem-
ory location following the load ac-
cumulator instruction, while the
most-significant bits are stored in the

second memory location. Set 00
through D7 for 10000000 (128) and
operate the DEPOSIT NEXT switch. This
number is now stored, in binary form,
at memory location 1. (A0 LED should
be lit indicating location 1.) Set DO
through O7 all to 0 and operate the
DEPOSIT NEXT switch. The all-zero bi-
nary number is now stored at memory
location 2 (A7 LED s lit) and the com-
puter has been instructed to put the
contents of address 128 into the ac-
cumulator.

5Tc add a second number to the
current number stored in the ac-
cumulatar, the computer must be in-
structed to transfer tha current
number ta one of the general-purpose
registers. In this example, we will use
register B. The instruction used is
“move A to B where A is the ac-
cumulator, The code for this instruc-
tion iz 01000111, set up with switches
Do through D7. Operate the DEFOSIT
MEXT switch. The instruction "move A
to B is now stored at memory loca-
tion 3. (A7 and AQ lit.)

6 Mow, instruct the computer to
load the data from address 128 into
‘the accumulator. This procedure is
identical to thatoutlined in steps 3 and
4 above. Set switchas DO through OF
for 00111010 and operale lhe DEPOSIT
NEXT switch. The load accumulator in-
struction is now stored at memaory lo-
cation 4. (A2 lit.} Set D0 through D7 for

POPULAR ELECTRONICS



10000001 {129) and operate the DE-
POSIT NEXT switch to store this number
at memory location 5. (A2, AQ lit) Then
set &0 through &7 all ta 0 and operate
the DEPOSIT MEXT switch to store the
all-zere number at memory location 8
{A2, AT lit).

7 Store the add instruction at mem-

ory location 7 by setting DO through
D7 for 10000000 (128) and operating
the DEPOSIT NEXT switch. When exe-
cuted, this instruction adds the
number in the accumulator to the
number stored in register B and
places the result in the accumulator
(A2, A1, AO lit).

8 To store the result at address 130,

first store the instruction at memory
location 8 by setting DO through D7 tor
00110010 and operating the DEFOSIT
NEXT switch (A3 lit). Set DO through D7
for 10000010 and operate the DEPOSIT
NEXT switch. The least-significant
eight bits of address 129 are now
stored at memory location 9 (A3, A0
lit) Set DO through OF to 0 and oper-
ate the DEPOSIT NEXT switch. The
most-significant eight bits of address
129 are now stored at memory loca-
tion 10 (43, AT lit).

9 A program that adds the contents
of addrass 128 to the contents of ad-
dress 129 and stores the result in ad-
dress 130 has now been loaded into
the computer. With the use of a
“jump" instruction, you can now
create a program loop that will direct
the computer back to memory loca-
tion 0 and allow repeating this addi-
tion procedure continuously for as
long as desired. Store the jump in-
struction at memory |location 11 by
setting 00 through D7 for 11000011
and operating the DEPOSIT NEXT switch
(A3, A1, ADIit). Gat DO thraugh D7 a0
and operate the DEPOSIT NEXT switch
twice. The 16-bit address 0 is now
stored at memaory locations 12 and 13
(A3, A2, AOD lit).

Before we can run this program, we
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have to load the two numbers we want
added into addresses 128 and 129. For
example, if we wanted to add 12 to 8,
the procedurs wauld he as follows:

Set address switches A0 through
A75 for 0000000010000000 (128) and
operate the EXAMINE switch (47 lit). Set
D0 through D7 for binary 12
(0000100} and operate the DEPOSIT
switch (A7 still Iit). Set D0 through D7
for binary 8 (00001000} and operate
the DEPOSIT NEXT switch. The binary
numbere for 12 and 8 ara now stored ot
address locations 128 and 129, re-
spectively (A7, A0 lit).

Set address switches A0 through

A15 to 0 and operate the EXAMINE
switch {all A LED's are off). Operate
the RUN switch, and the program will
pERGlTR at a rate of about 30,000 times
per second. Operate the STOP switch.
Set the address switches to address
130 (10000010} and operate the
EXAMINE switch. LED's DO through D7
will display the sum of the two num-
bers added, which is 20, in binary for-
mat (00010100).

Basics of Programming. If you
have never done any programming, it
may seem a little mysterious at first,
but the basic ideas of programming

e A I G I S TSI
GLOSSARY OF COMPUTER JARGON

Access time — Time interval between
the instant at which information is called
far storage and the instant at which de-
livery is complete.

Accumulator — Part of the loglzal-
arithmetic unit of a computer used for
intermediate storage, to form algebraic
sums, or other intermediate operations.
Address — Label, name, or number
idantifying a reglster, location, or unit
where information (s storad.
Assembler — Transzlates input sym-
bolic codes into machine instructions.
Bit — Abbreviation of binary digit; a
single character in a binary number.
Buffer — Isolating circuit uzed to avoid
reaction of a driven circuit upon its driv-
ing circuit.

Byte — Group of binary digits usually
operated upon as a unit. Usually shorter
than a word.

Clock — Time-keeping device used to
synchronize the computer,

Datn — Bogie slements of imfarmatisn
which can be processed or produced by
a computer,

Held — Function of retaining informa-
tion in one storage device after transfer-
ring it to another device, in contrast to
clear.

Instruction = Coded program clep
that tells the computer what to do for a
single operation in a program.
Interrupt — Break in the normal flow
of a system or routine such that the

flow can be resumed from that point at
a later time.

Jump — Depart from the normal se-
guence of executing instruclion in a
computer (synonymous with branch).
Memory— Storage. Adevice that holds
information that can be extracted at a
latar tima.

Processor— Device capable of receiv-
ing data, manipulating it; supplying re-
sults usually of an internally stored pro-
qram.

Programming — Art of reducing the
plan for the solution of a problem to
machine-sensible instructions,
Register — Device for the temporary
storage of one or more words to facili-
tate arithmetical, logical, or transfarral
operations.

Stack— Portion of a computer memory
and/or registres used to temporarily hold
infarmation.

Subroutine — Sat of instructions in
maeching eode 1o diraet the eamputer ts
carry out a well-defined mathamatical or
logical operation; a part of a routine.
Word — Set of characters that occupies
one storage location and is treated by
the computeras aunitand is transportad
as such. Word lengths are fixed or vari-
able, depending on tho partioular com-
puter being used.

Definitions were axtracted from “Computer Digtio-
nany"” Oy Charlon J. Einal gad Chasies (1 Glagl suk-
tishad Ly Roward W. Sams & Co., ing, The Bobbs-
Mareill Co tee., Mumber 20045, 484 pagas, 5895 (in
Cangda 171,95}
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MACHINE INSTRUCTIONS

Instruction Binary Code Octal Comment
(far instruction)
I & 110110711 {IN) 333,006 Bring data from input &
and store in register A
{accumulator).
MOV B.A 01 {MOVE) 107 Take A and move its
000 (B) contents to B.
111 (A)
M 30 1101107171 {IN) 323,036  Bring input 30 into
00011110 (30) accumulator
ADD B 10000 (ADDY 200 Add contents of A to B.
000 (B) Put results in A.
OuUT 128 11010011 (OUT) 323,200 Transmit contents of
10000000 (128) accumulator to output 128.

are really very straightforward and
easy to master. The procedures that
are always used consist of the follow-
ing:

Defining the Problem. This is by
far the hardest part of the program-
ming. Dan't worry about the compu-
ter or the computer language when
doing this part of the preparation.
Simply decide what is required to do
the job you want to accomplish.

Establishing an Approach. The
computer and computer language
have nothing to do with this step,
either. It involves outlining a step-by-
step procedure to achieve the desired
results and getting it down on paper.

Writing the Program. Once you
are familiar with programming, you
will find that this step is the simplest.
It is merely a matter of translating
step 2 into the appropriate language.

There are many books available on
programming. Some of them are
quite good and are particularly useful
for learning technigues such as flow
programming, looping, ete. However,
in essence, they can all be boiled
down to the three steps above.

Software Example. To get a feel
for what programming the Altair 8800
is like, let's go through a sample
program, which is similar to the test
program that we first went through to
check out the computer operation.
Assume that we want to take the data
avallable from input channel & and
input channel 30 and add them, plac-
ing the result in output channel 128.
The maching instructions are shown
in the box.

The first instruction simply Stores
the data from channel & in register A
{the accumulator). Tha next inatrue-
tion moves this data from register A to
register B. This clears A for the next

input. The third instruction brings the
data from input channel 30 into the A
register. The fourth instruction adds
the-contents of register A (data from
channel 30) to register B (data fram
channel B) and puts the results back
into register A. The final instruction
transmits the answer from A to output
channel 128, Total computer time
used to perform this operation with
the Altair 8800 is 18 microseconds. To
put it another way, the computer
could perform 56 000 of these opera-
tions in one second,

The instructions could be entered
into the processor in one of three

ways. The first and easiest would be-

with the use of an assembler. This is
essentially & piece of softwars that
converts alphanumeric symbols to
machine language (binary code). For
example, the assembler would con-
vert our first instruction (IN 6) to the
correct binary code. The problem
with using an assembler is that you
nead a computer terminal for an input
device and the assembler itself re-
quires about 6000 words of memory
storage. If extensive program de-
velopment is to take place, the as-
sembler is a good tool to have,

The next easiest method of enter-
ing the instructions s with the use of

EXPANDING THE COMPUTER

In describing the assembly of the
Altair 8800 Minicomputer in last
month’s article, it was noted that
the interior of the cabinet provides
plenty of room for expansion. The
room can be used to add many
functions to the basic computer.
For example, the present memary
board in the Altair BBO0 can be ex-
panded with the addition of three
256-word memories (Kit BB02-MS
available from the manufacturer,
MITS at $34 per 256-word memory).
Further additions require an ex-
pansion mother board having four
connectors that can accommodate
any four memory or input-output
{I-0) cards. This expansion board
{Kit BBOD-EB) is available for $44,
while a 4K dynamic memory card
(Kit 8840-MC) costs $198. Various
other kits—a vectored interrupt
card and a real-time clock, among
them—are also available.

the Very Low Cost Terminal featured
in the December 1974 issue of
PopuLaR ELECTROMICS. With this ter-
minal, the instructions could be en-
tered by using the octal code. The
progedure would be te write the pro-
gram in assembly language and then
enter the corresponding code for
each instruction. This system, while
not being as fast as the use of an as-
sembler is less expensive.

The third methaod, using front panel
entry, is of course inexpensive but
time consuming.-

This has been only a brief summary
of the programming procedures for
the computer. Complete program-
ming information is provided with the
Intel 8080 integrated circuit and with
the Altair 8800 computer kit. &

POPULAR ELECTRONICS



MACHINE INSTRUCTIONS

Instruction Binary Code Octal Comment
(far instruction)
IM & 110110711 {IN) 333,006  Bring data from input &
and store in register A
{accumulator).
MOV B.A 01 {MOVE) 107 Take A and move its
000 (B) contents to B.
111 (A)
N 30 110110771 {IM) 323,036  Bring input 30 into
00011110 (309 accumulator
ADD B 10000 (ADD) 200 Add contents of A to B.
000 (B) Put results in A.
OuT 128 11010011 (OUT) 323200 Transmit contents of
10000000 (128) accumulator to putput 128,

are really very straightforward and
easy to master. The procedures that
are always used consist of the follow-
ing:

Defining the Problem. This is by
far the hardest part of the program-
ming. Don't worry about the compu-
ter or the computer language when
doing this part of the preparation.
Simply decide what is required to do
the job you want to accomplish.

Establishing an Approach. The
computer and computer language
have nothing to do with this step,
either. It involves outlining a step-by-
step procedure to achieve the desired
results and getting it down on paper.

Writing the Program. Once you
are familiar with programming, you
will find that this step is the simplest.
It is merely a matter of transiating
step 2 into the appropriate language.

There are many books available on
programming. Some of them are
quite good and are particularly useful
for learning technigues such as flow
programming, looping, etc. However,
in essence, they can all be boiled
down to the three steps above.

Software Example. To get a fesl
for what programming the Altair 8800
is like, let's go through a sample
program, which is similar to the test
program that we first went through to
check out the computer operation.
Aszsume that we want to take the data
available from input channel 6 and
input channel 30 and add them; plac-
ing the result in output channel 128.
The machine instructions are shown
in the box.

The first instruction simply stores
the data from channel & in register A
{the accumulator). The next instruc-
tion moves this data from register A to
register B. This clears A for the next

input. The third instruction brings the
data from input channel 30 into the A
register. The fourth instruction adds
the~contents of register A (data from
channel 30) to register B (data fram
channel 8) and puts the results back
into register A. The final instruction
transmits the answer from A to output
channel 128. Total computer time
used to perform this operation with
the Altair 8800 is 18 microseconds. To
put it another way, the computer
could perform 56,000 of these opera-
tions in one second,

The instructions could be entered
into the processor in one of three

ways. The first and easiest would be-

with the use of an assembiler. This is
essentially a piece of software that
converts alphanumeric symbaols to
machine language (binary code). For
example, the assembler would con-
vert our first instruction (IN 6) to the
correct binary code. The problem
with using an assembler is that you
need a computer terminal for an input
device and the assembler itself re-
quires about 6000 words of memory
storage. If extensive program de-
velopment is to take place, the as-
sembler is a good tool to have.

The next easiest method of enter-
ing the instructions is with the use of

EXPANDING THE COMPUTER

In describing the assembly of the
Altair 8800 Minicomputer in last
month’s article, It was noted that
the interior of the cabinet provides
plenty of room for expansion. The
room can be used to add many
functions to the basic computer.
For example, the present memory
board in the Altair BB0O can be ex-
panded with the addition of three
256-word memories (Kit BB02-MS
available from the manufacturer,
MITS at $34 per 256-word memory).
Further additions require an ex-
pansion mother board having four
connectors that can accommodate
any four memory or input-output
{I-0) cards. This expansion board
{Kit BBOD-EB) is available for $44,
while a 4K dynamic memory card
(Kit 8840-MC) costs $198. Various
other kits—a vectored interrupt
card and a real-time clock, among
them—are also available.

the Very Low Cost Terminal featured
in the December 1974 issue of
PoPuLar ELECTROMICS. With this ter-
minal, the instructions could be en-
tered by using the octal code: The
procedure would be to write the pro-
gram in assembly language and then
enter the corresponding code for
each instruction. This system, while
not being as fast as the use of an as-
sambler is less expensive.

The third method, using front panel
entry, is of course inexpensive but
time consuming.

This has been only a brief summary
of the programming procedures for
the computar. Complete program-
ming infoermation is provided with the
Intel 8080 integrated circuit and with
the Altair 8800 computer kit. @&
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