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The Radio-Electronics Mark-8 Min
computer is a complete minicomp

er which may be used for a num

of purposes, including data acquis
tion, data manipulation and control
of experiments. it may also be used
to send data to a larger computer

to a terminal such as the Radio-
Electronics TV Typewriter, (Sm
tember 1973) and it is easily
faced with a keyboard. _-Thé
keyboards do not have to be ASCIl
encoded since the minicomputer it-
self can convert the input code to an

-equivalent ASCIl code for output.

This Minicomputer is not a glorified
calculator and it is not intended just
for educational use. It can be inter-
faced to a calculator (a possible fu-
ture project if readers are in-
terested) to perform complex
mathematical routines, and it may
also be used as a teaching tool.

ACK PUBLICATIONS, INC.




The heart of the Mark-B Minicomputer.is
an Incel 8008 micropragessor [C that con-
tains all.-of the #rithmetic registers, sub-
routing régisters and most of .the control
lggic necessary to interlace the micro-
processor with semiconductor mémaories as
well as input and output registers. Standard
TTL type IC's are used throughout and
commonly available 1101, i{01A and
1101A] type memories are used for the cen-
tral storags. The microprocdssor with its as-
sociated logic will be refered 1o as the cen-
tral processor unit, or CPLU,

The central processor unit is an 3-bit
parallel processor. A string of eight binary
bits. ID: through Dy , is used to indicate the
instruction data or memory locations.
Rather than repeat. “'eight bits of binary
data™, we refer to the eight bits as a byte.
As you will note, some of the instreclions
take up to three bytes of datd and they are,
therefore, called Lhree-byte instructions.
The computer takes 20 |18 1o execute each
byte of these instructions, so the time to
exceule any of the basic instructions may
vary firom 20 to 60 ps. The time that the
computer tzkes to execute ane byte of the
instruction is called the ‘computer’s cycle
time. Mast minicompulers have a cycle lime
that is about ten (imes faster than the
Mark-8, but this will not resirict the use of
this Minicomputer in most sityations.

The [ntel 8008 microprocessor provides
us with some sophisticated fealures, only
found on larger, more costly computers.
These include a pointer register, interrupl
poinlers and a stack register for multiple
subroutines.

The Mark-¥ is programmead in assembly
Or machine language. the basic language of
all computers which consists of I’s and 0's
grouped into byles. While it may seem cum-
bersome at first, this is one of the most flex-
ible ways to program while keeping down
the cost of added storage or memory. The
use of just the 1's and ('s to represent the
binary numbers can become. tedious after a
short while. [( becomes much easier to con-
vert the binary numbers to their octal equiv-
alent and Use these direct equivalenty in-
stead.

There are 48 program instructions to use
in programs on the Mark-8. Each program
must consisl of an orderly, logical chain of
steps In successive memory locations. If
data or program sieps are not loaded in the
correct order, the program won't work cor-
recily and is said to have a bug ia it. Those
not familiar with the basic operations of a
computer and the various number systems
used will lind Computer Architecture, by Cax-
ton Foster, Van Nostrand-Reinhold, New
York, New. York 1970, $12.50 an easy to
read and understand introduction that
should be read before attempting to build ar
ise the Mark-8.

The basic Minicomputer consists of six
maodules:

1. Mam CPU module.

2. Memory Address/Manual Control
madule.

3. Input Multiplexer module.

4. Memory module.

5. Quipuat module,

©. Readout module.

These modules provide the experimenter
with the basic minicomputer configuration.
Twao 8-bit input ports are provided for get-
ting data into the computer and lour B-hit
output ports are provided to ontput data 1o

external devices. The memory madule can
accommodate up to 1024 bytes or words of
storage, although only 256 words are re-
quired w start. Manual controls are pro-
vided for the user and 4 readout of some of
the important registers is provided on the
Reddout module.

Six different modules !

The Central Processor Unit (CPU). madule
contains the microprocessor IC and the
extra circuitry used to imferface with the rest
of the compuuter. It is important to note that
the 8008 microprocessor has been fabricated
as an MOS circuit and the oatputs will only
drive one low-power circuit of the 740
series. Each output is buffered with a 74L94
irverier before it is used. The main, §-line
inputiutput bus. or /O bus is also buffered
by two 7404 ¢ircuifs to give the TTL signais
a high fan-out.

The computer is conirolled by a 2-phase
clock supplied by a crystal oscillator which
controls the pulse widiths and frequancy.
The clock and the. synchronization signal
supplied by the microprocessor are used o
control some of the logical operations of the
computer interface circuits. The synckroni-
zation signal synchronizes the operalion of
the very fast TTL circuits and the slower,
clocked, MOS circuits in the microproces-
sor. The microprocessor also has three,
seate-output signals, 5,, S,, and 8, which are
used to drive a decoder. The eight possible
states qre then used 1o control other func-
tiens in the interface logic. A complete de-
seription of the generation and use of these
state putputs 15 included in the Intef User’s
Manual

Since the CPLU uses a parallel 8-bit /O
bus for input and puiput of data there must
be some control of when the bus is sending
data from the CPU to an external device or
whenr it is taking data in. Two lines are pres-
ent on the CPU module, TN and DUT.
These lines are used by the other modules to
regulate the flow of data in the correct direc-
tion at the correct time. The control of the
IN and QOUT lings is governad by the addi-
tional logic on the CPU maodule.

The Memery Address/Manual Control
module is used to hold data which is 1o be
used as the memory address. Twa 8-bit
latches are provided since. the computer-will
use one set of eight bits for o memory ad-
dress and the other set of eight bitsfor control
funetions. Since the microprocessor can di-
rectly address up'to 16,424 words of mem-
ory, commonly noted as 16K, we will need
14 binary bits'for the complete address, The
complete memory address of any location is
given by a 16-bit binary number; XX B: B
Bs By B: Bs / B: B: Bz B: Bs B: B: By,
where the X's represent bils that are not
used. The computer specifies any address
by firsi sending out the Bs bits to ane of the
eight-bit latches, foliowed by the six B bits
und two X bits. Control of the correct latch
is supplied from the CPU module.

The Bs bits have the most significance or
value in the complete digit, while 1he Bs bits
have the least significance. This is like com-

‘paring $1000 and $1. The furthet to the left

the digit. in any numbering system, the more
velue it has. For this reason the Bz bits are
called the most significant or the HI part of
the address, while the Be bits are cailed the
least significant or 1O part of the address.
Both the HI and LO addiess latches are
made up of SN74193. programmable coun-




COMPUTER WITH ASCII KEYBOARD makes a complete working computer system. You can use the
computer without the keyboard, but It is more difficult.

THE WORKING HEART of the computet is relatively simple. The six primary circuit boards and the
front-panel controls are shown here. If additional memery is needed, more circults boards are

required.

ters, since the address held in them may be
incremented, by counting up by one. The
usefulness of this will be seen later. The HI

* and LO latches are also used for temporary
data storage when thev are not being used to
storc a memory address.

The manual control portion of this module
allows us to program the computer and to
control its operation from an operator’s
console. We are able to externally address
any memory location and deposit data or in-
structions in it. We may also return to any
location and check the data stored there.
Controls arc also provided to allow us to
single-step the computer through 4 program.
one instruction at a time and to interrupt the
computer while it is executing a program.
These controls will be described in detail
later.

The Data Input Multiplexer module con-

trols the flow of all data into the computer.
All data going into the computer is placed on
the [/O bus during the IN cycle signalled by
the TN signal. Since data may be coming in
from a number ol different experiments or
sources, we must have some means of
selecting which data is fed into the CPU.
Two basic multiplexers are used for this
precise gating of data. The two 8263 quad,
three-line to one-line multiplexers control
which of three sets of input lines are
selected. Note that two scts of these input
lines are input ports 0 and 1. These are the
two external data input ports. The third set
of data imput lines comes from the memory.
Data or instructions in the memery, all go
through the multiplexer and into the CPU.

This multiplexer is followed by a second
set of multiplexers. 8267°s. These are quad,
two-line to one-line multiplexers with open-

collector outputs which are compatible with
the computer bus structure. This multi-
plexer switches between the data selected at
the previous multiplexer and data from the
Interrupt Instruction Port. The use of the
Interrupt Instruction Port will be covered in
the Interrupt section. This second multi-
plexer may also be in an off or unselected
state which is used when data is not to be
sent to the CPU module. Control lines SLo
and SL. are sent directly from the CPU in-
terface logic.

Remember that when the HI address is
not being used to store a memory address, it
is used for control signals. During an IN or
OUT cycle these control signals are de-
coded and used to select the proper input or
output lines for the /O bus. The Multi-
plexer module decodes the control bits B,
C, D, and Dg,up;. and OR’s them with TN
to select the proper external data mput port,
When the computer is instructed 1o get some
data from memory it automatically selects
the memory input section of the multiplexer.
The INPUT instruction is only used when
you wish to input data from some external
source such as a digital voltmeter or
keyboard, through one of the two input
ports.

The Memory module uses the widely
available 1101 type of semiconductor. inte-
grated circuit memory. The 1101 random
access memory or RAM is organized as a
256 x 1-bit memory, so eight of the 1101 type
memories are used to give us 256. cight-bit
words. This is the minimum configuration
necessary for the operation of the Mark-8,
Each memory module can hold 32 of the
1101 memories for a total of 1024 or 1K
words of storage. Up to four Memory mod-
ules may be used with the Mark-8. giving us
a maximum 4K of storage space. More than
enough for most applications.

Each of the 256 words are addressed by
the eight bits from the [.O address latch.
Since 2 = 256 we can only address 256
words using the LO address alone. Each
memory also has an enable line so we may
select blocks of 256 words, using this line.
The HI address is. therefore, used and de-
coded with a standard decoder and the de-
coded outputs are used 1o enable or select
the blocks. You do not have to be con-
cerned about the particular block where
data has been stored, just use the complete
14-bit address. since the memory does the
complete decoding.

Each of the addressed memeory locations
may store onc 8-bit word or byte of informa-
tion. For 2 or 3-byte program steps, two or
three successive memory locations are used
for storage.

The 1101 type memories are volatile
semiconductor memories and information
stored in them will be altered or lost if the
power is shut off. 1f you want to save a
program. leave the power on.

A chart in the censtruction section shows
how the memory jumpers are wired for each
of the four possible boards. Boards must be
added i numerical sequence; 1, 2, 3, and 4.
Blocks of memory must be added n units of
256 words in the A. B, C. and D sequence,
to prevent gaps in the memory.

A read/write or R‘'W line is provided on
the module so that dala may either be read
from, or written into a selected memory lo-
cation. The CPU and the Manual Control
module both control this line so that data
may be entered under computer control or
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so that we may insert our program data into
the memory prior to use by the computer.

The eight data-output lines from the
memory are sent to the CPU 1/O bus
through the Input Multiplexer module.
When we ask for data from the memory with
an LrM type of instruction (see Intel User's
Manual), the CPU senses that the memory
data is needed and it sets the input multi-
plexer so that the data is placed on the I/'O
bus at the proper time.

The Qutput Latch module is used to send
data from the computer 1o some external
device or instrument, such as a teletype or
perhaps the Radio-Electronics TV Type-
writer (Radio-Electronics, September 1973).
Four output latches are provided on the
Cutput Latch module and twa of these
modules may be used with the Mark-8. The
second module may, however, only use
three of the output latches.

Note that data is sent from the LO ad-
dress latch to each output port and that these
connections are in parallel. The computer
decides which latch is activated according
to the OUTPUT instruction that we have in
our program. Here, again, the HI address
latch holds the control bits B, C, and D
which are decoded and NORed with QUT
to activate the selectled eight bit output port
or latch. NOTE: The QUTPUT instruction
in the Intel User’s Manual has two RR bats
shown in it. These bits must be set to RR =

‘PRINTED-CIRCUIT BOARD ASSEMBLY is a stack of s
cables are uzed to Intercannect the boards and to connect the boards to the front-panel controls.

ix 2-sided boards. Molex connectors and

All resistors are ' Watt, 10%

CPU BOARD

C1—33-pF disc

C2 thru C6—0.1-uF disc

IC1, 1G4, ICE, IC7, IC8, IC13, IC17, IC19— 7400

102, 1C,3, IC14—7476 Dual JK flip-llop

ICS, 1C11, IG16, 1C20, IC21—7404

ICB, 1C12—7474 dual D flip-flop

1C22,1C23, IC25—74L04 hex inverter, low power

IC10, 1IC18—7410

IC16—7420

1C24—8008 Intel microprocessor

IC26—7442 decoder

R1, R2—220 ohms

R3—560 ohms

R4—1800 ohms

R5, R6, R7, RB, R17—1000 ohms

R9 thru R16—22,000 ohms

XTAL 1—4000.000-KHz crystal type EX ($3.95
from iInternational Crystal, 10 N. Lae Street,
Oklahoma City, OK)

Misc—PC Board, No. 24 wire, solder

INPFUT MULTIPLEXER BOARD

C1, C2, C4—0.1-uF disc

C2—1 .0-uF 10 V electroiytic

IC1, 1IC2—8263 multiplexer {Signatics)

IC3—7400

IC4, IC5—8287 multiplexer (Signetics)

IC6—7402

IC7—7442 decoder

P1, P2, P3, P4—Molex type 08-52-3081 con-
nectors

R1—1000 ohms

Misc—PC board, No. 24 wire, solder

ADDRESS LATCH BOARD

C1 thru CB—0.01-uF disc ceramic

C7—680-pF disc

IC1, 1G2—74123 dual monostable

IC3. IC4, IC5, 106, IC7T—7400

IC8B, IC8, IC10, IC11—74193 programmable
counter

F1, P2, P3—Molex Type 09-52-3081 connectors

O thwr PR 48 AN o

PARTS LIST

R4-22,000 chms
A5 thru R16—1000 ohms
Misc—PC board, 324 wire, solder

MEMORY BOARD

C1, €2, C3—0.1-pF disc ceramic

IC1 thru IG8—1101, 1101A or 1101A1 memory
circuits, 256 x 1

IC9 thru IC32—S5ame as above, bul optional with
builder

IG35—7442 decoder

1G34—7400

P1, P2—Molex type 09-52-3081 connector

R1 thru R11, R20, R21—1000 chms

R12 thru R19—10,000 ohms

Misc—HC board, No. 24 wire, solder

OUTPUT LATCH BOARD

C1, C2, C3,—0D.1-yF disc

IC1 thru IC8—T7475 quad latch

IC9, 1IC10—7404

1C11—7402

IC12—7442

P1, P2, P3, P4&—hiclex type 09-52-3081 connector
Misc—PC board, No, 24 wire, solder

LED REGISTER DISPLAY BOARD

C1—100-pF alectrolytic
C2, C3, C4—0.1-pF dise

D1 thru D32—MV-50, MV-5020 or equivalent
Red, visible LED's

1G1 thru ICB—7404

ICT ICB—7475 guad latch

1C9—7442 decoder

1C10—7402

Pi—Malex type 09-52-30871 connector

A1 thru R32—220 chms

Misc—PC board, No. 24 wire, solder

CONTROL PANEL

D1—MYV-5020 or equivalent red, visible LED

R1—220 chms

S1 thru 511—spdt switches, rocker or toggle

513 thru 517—spdi momeniary, spring return,
rocker or toggle '

PS—Power supply, logic power supply available
from Precision Systems, P.O. Box 6, Murray
Hill, NJ O7974. +5 wvolts/8.54 and -12
voltsf2.0A, adjustable to —8 volts. Also other
voliages available. See text.

Misc—Matal case, red plastic filter, line cord,
hardware, hook-up wire, solder.

The microprocessor integrated circuit
is available from Intel Corporation, 3065
Bowers Avenue, Santa Clara, CA 95051
at a cost of 5120.00,

A complete set of circuit boards is available for the Mark-8 Minicomputer from
Technmiques Inc., 235 Jackson Stree, Englewood, N.J. 07631. Prices include ship-
ping charges inside the United States.

Complete setof sixboards (1 ofeach) ...................... $47.50
CPLI Board ..o e i ce s ie e 7.50
Address Latch Board ....... ... . ittt 10.50
Input MultiplexerBoard .......coviiiiiniiiiisarisaninnrrras-. 200
TKMemory Board ... i e e e 8.45
LED Register Display Board ..............ciiiinniinnnnnnnnass 8.45

Qutput Ports Board ... .coiecvivinisniiinimsnsnrsnisnnranersss.-5.50

Techniques had100 sets of boards in stock when this issue went on sale. When
these boards are sold, there will be a 6 to 8-week delay before additional boards

become available.

—
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Q1 for proper data output. QUT = 01 0IM
MM1i. The MMM birs are sei to the binary
equivalent of the decoder state selected for
that particular cutput port. For example 01
019 {11 would cutput data at output port 3,
since 11 = MMM = 3,

The LED Register Display module pro-
vides vou with 2 visual indication of the con-
tents ol the HI and L O address latches and
the memaory data in the selected memory lo-
cation indicated by that address. Qutput
port 0is also localed on the Readout module
and it may be nsed in pregramming to pive a
visual oulput of a byfe of data. Each of the
putput regisiers is represented by eight
1_ED indicators, 1 = ON, 0 -+ OFF. As the
daia held in each register changes, so do the
indicators. Data ta be displayed at output
port 0 must be senl with an QU T instruction
0T 010 O3] or 121s.

Since the H1 address lach is uscd for
some control funciions and the LO address
latch may also he used for temporary stor-
age of data going to the cutput ports, at var-
ious times in programs the data in these reg-
isters will change from a memory address to
these control and output data and then back
to an address. Checking this data visually in
these registers during the debugging of a
program is very helpful.

The power supply requir¢ments of the
Mark-8 are 3 Vdc at 3amps and -9 Vdc at
1.5 amps. Since regulation at these high cur-
rent levels 15 criical we suggest ihal the
power supply or supplies are purchased.
There are many good power supplies on the
surplus market that may be used with the
Mark-8. The type used with the prototype is
listed in the complete parts List. A substi-
tute, avalable [rom Wortek, 5971 Reseda
Blvd., Tarzana, Calif. 91356 will work as
well. QOrder part numbers PRS-1 and PRS-3,
cach $25.0¢ R-E

* For more detailed data on the Aicroprocessor
IC write (o Intel Corp_, 3065 Bowers Ave., Sarnta
Clura, Calif, 93051 - ask for a copy of "8, B-Bif
Parallel Central Processer Unit-Lisers Munun!. This
manugl was offered free at the ume this article
went 1o press.
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Mark-8 Minicomputer to TV-Type-
writer interface

The Mark-8 Minicomputer may be used
with the TV-Typewriter to display compu-
ter generated information. The interface
uses either the A or B QOutput Port
strapped to the specific output code, 1-7,
that you select. The A and B cutput ports
have strgbe lines which are puised during
the ouipul cycle. These two lines are
found above the B oulput lines and below
the A cutput lines on the printed circuit
board. These strobe lines provide us with
the Keypressed signal reguired to enter
data intg the TV Typewriter. A monostable
is attached to this strobe line to stretch
the pulse width and the 10 pF capacitor
used for debouncing is removed from the
TV-Typewriter. This is C17 shown in Fig. 8
of the TV-Typewriter bookiet.

HOOKUP THE MARK-8 COMPUTER TO YOUR TV TYPEWRITER using the circuits shown above and
to the left. Wiring to the TV typewriter is Just direct connections {(above). The IC monestable (lefl}
siretches the pulse width. Together, the TV Typewriter (Radlo-Electronics, September 1973} and the

Mark-8 make a powerful computer package.

SCFTWARE EXAMPLE

Data in the A register is output to the
TV-Typewriter as a complete ASCIl
character. The computer then enters &

short timing locp so that it can not go
{aster than data may be enfered 1o the
TY-Typewriter memory.

000 o0& LDAI {Load A with data
001 177 177 /Data = 177 = ASCI "2
Qo2 106 JSUN QUTFUT fdump to GUTPUT subrouting
oa3 040
004 000
o5 (L] HALT 1Stop, end of program
040 123 QUTPUT, OUT {Data from A to output port 1
04t 026 Loci /Load C Immediate
042 004 004 iData
043 031 LOQP, DECD {Decrement D
D44 110 JPFZ, LOOP JJump on a false zero flag
to LOOP
045 .43
046 000
047 021 DECC {Decrement C
050 i10 JPFZ, LOOP Mump on a faise zero flag
to LOOF
051 043
052 G900
053 007 {Unconditional return to main

RTUN

program

5




Construction

The Mark-8 Minicomputer consists of printed circuit boards for
gach of the six modules, a main chassis for mounting the PC boards
and the controls and a power supply. The addition of a keyboard and
and an alphanuineric réadout 15 opticnal. The printed circuits are
double sided, but the holes have not been plated through 1o keep the
cost down. 1t will be necessary io be sure that both sides of the
compenerts are soldered to the hoard, There are alzo a number of
holes that do not have any pins or components going through them.
Short pieces of wire are inserted into these holes and soldered on
both sides of the board te give a continuous current path. Use a low-
watlage seldering iron and be sure that pms and components are
soldered o both sides of the board. Check the parls orientation for
gach module in the following diagrams.

1f is best Lo use Molex-type EC connectors for the §00§ micropzo
cessop jateprated circuit since some tests will be performed before it
1s placed in the circuil. Lonotput the circuit in its socket before
the instzuctions tell you to do so. Be sure to salder the socket pins
on botk sides of the PC board.

The Output Latches have a set of jumpers which allow the user
te choose which set of lettered {A,B,C,D} outputs are assigned what
code, If no preference is shown, jumper A = 1,B=2,C=3,D=4
and so on for the three laiches on the additional Qutput module, if
it is used.

The Memory module also has a number of jumpers that are used
to select various options. ‘On the first or only board mstall the A
jumpers below the SN7442 decoder and instali ail of the resistors.
On following beards install the B jumpers and oniy resistors R17
through R2Z1.

There is a 0 and a 1 jumper between the SN7442 decoder and
the SN7400 NAND gate 1C. install the O jumper on the first fwo
boards and the 1 jumper on the last two boards. NEVER install
both jumpers,

Install the § 101 type memorics in rows of eight 1C’s starting from
the bottom row of eight and going to the top. Additioral memorics
are added in blocks of ¢ight 1C's. The bettom rew on the first board
is the minimum configuration for a working computes. The blocks of
memory are selected by the jumpers abave the SN7442 decoder.

The four pads above the eight numbesed cnes are connected to cach
block of eight IC's. Sclect, from left to right, on boards 1 and 3
codes 8, 1,2, and 3. Onboards 2 and 4 select codes 4, 5. 6 and 7.
The jumper combinations for the four pessible boards are sum-
marized in the foliowing char,

MEMORY JUMPER CHART

AorB Oor1 Block Code
Board Resistors Jumper Jumper Jumpers
1 ALL A 4] Figure 1
z R1-H4 &R21 5] 1] Figure 2
3 Ri—R4A &R B 1 Figure 1
4 R1-R4 &R21 8 1 Figure 2

MEMORY BLOCK CODE JUMPERS

177 3y

FICURE i FIGURE 2

The sccond, third and fourth memory boards derive their Readf
Writc signal from the first board. When adding extra boards, after
the jumpers have been set and the boards soldered mto the proper
sequence, connect the QUT on the top of the first board to the IN
on the second, then the QUT from (ke second to the IN of the third,
and o on. The WRITE QUT on the top of the Address/Manyal
module poes to the IN on the tist board of the four boards. 1f only
one board is used, wire it as if it were board number one.

All six circuit boards ate connected by a series of up to 41 wires
which are lacad through the botioms of the boards. All but a few
are patallcl connections. This allows us to “fan” the boards open for
testing after they have been connected. We also avoid the use of
cxpensive and special connectors. A few connections are made on
the board tops, bui these are easily made with the Molex connectors
in the parts list, These connectors may alse be used on the sides of
the Input znd Output modules where the input and output lines are
connected, The following diagram, Fig. 3, shows the top-of-board
connections. Be sure to ohserve the vorrect board orientation and
sequence when wiring the boards together. The LED’s en the read-
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out module must face owtwards and the components on the following
boards face in the same direction, When mounting the Mark-8 on or
in a chassis, remember 1o allow enough room for possible future
moadule expansion as well as for additional modules which may be
published in the future. Also allow about 3/4 to | inch betwesn
boards for convection cooling. The boards have been purposely
made a large size 10 €asc the job of trouble shooting and following
PC conductor paths.

— 1 CPU MODULE

| INPUT MULTIPLEXER
T F = MODULE"

DATA INTERRUPT INSTRUCTION
INPUT PORT , ADDRESS/MANUAL
L ] ey ~ MODULE
WRITE OUT

MEMORY MODULE
NG. 2

T T, A —
// MEMORY MOBULE

o - NO.1
QUT EN

C r UTPUT MOD
- - - Li\(i. ULE
OUTPUT PORTS
OUTPUT

. , LED READOUT
‘u. S22 MODULE

NOTE:

THIS DIAGRAM SHOWS THE PARTS CRIENTATION ON THE
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The power supply used with the prototype was a surplus com-
puter power supply avaliable from Precision Systems, P.O. Box &,
Murray Hill, N.J. 07974, for $35.00 postpaid. This power supply
provides +3 Vdc at 8.5 amps, +12 Vdc at 2.5 amps, -12 Vdcat 2
amps, The -12-volt supply is ezsily charged to -9 volts, using the
variable resistor trimmer on the side of the power supply. Unreg-
ulated voliages of 6 Vde, 30 Yde and 180 Vdc arc alse provided.

Controls

Singe we are working with an §-bit compuser, eight switches are
provided on the Interrupt Instruction Port. This is cailed the Switch
Register or SR.and it is ene way io get data into the computer under
manual control, You will notice on the Input Maltiplexer module
schematic diagram that the SLg sipnal is gated with 2 Yz signal.
When the Jam is at ground, this forces the S signal to also go to
ground. When this happens, the 8267 multiplexcis arc held in the
state which allows the data present at the Intermupt Instruction Port
ic be placed en the /O bus, going to the memory and to the Hi and
1.0 address latches. When the INTERRUPT{JAM switch is relurned
io the normal INTERRUPT paosition, control of the SLg line is taken
over by the CPU control logic. The JAM control allows us 0 jam
data orto the /0 bus. This Jam mede is useful only when the com-
puter is not operating, but befere we start the computer the INTER-
RUPT/TAM contro] switch must be in the normal INTERRUPT
poesition.

The compuier 1s normaily in the RUN state and # only halts when
it reaches a halt or HLT type instruction in our program. [f we wished
to see how 2 program worked at slow speed so that we could foilow
it, it would be necessary to slow down the computer. The Mark-8
has a RUN/SINGLE STEP switch which allows us to either run the
program at the normal computer speed of 58,000 steps per second, or
a step at a time. In the RUN mode the computer operates at ifs ewn
speed, determined by the clock. In the SINGLE STEP mode.the
compuler is pulsed each time we press the SINGLE STEP switch,
causing a complele computer cycle to take place. In the SINGLE
STEP mode it is much easier to debug a program and find our pro-
gramming errers. We can switch between the RUN or SINGLE STEP
modes without affecting the normal operation. We only slow down
the cxccntion of the program.

The use of the nexi four controls lets us enter data into the com-



puter and check data already stored in ynemory, before starting the
sompuler program. In ks way computer programs are storcd and
then used. When using any one of these next four controls, the
INTERRUPT/IAM switch roust be in the JAM position and the RUN/
SINGLE STEP switch must be in the SINGLE STEP position,

The LOAD ADDRESS-HI1 or LAH switch allows us to load the
HI address latch with the number currently sct on the switches in the
switch register. We may change the number as often as we like, just
by changing the number s2t on Lhe switch rogister and actuating the
LAH switch. The LOAD ADDRESS-LO or LAL switch is operated
in exactly the same way, entering the number set on the switch register
to the LO address latch. Using the eight switch register switches and
these two controls we can manually load any address in the address
iatches. You will notice fhe new addzess appear on the LED indicaiors
in the HI and L0 address readouts when we do the checkout. As
so0n as an address has been loaded the memory data LED's will indi-
cate lhe current contents of the location we have just addressod. We
can address all possible 16,000 storage locations in the memory from
the switch register, but it is important 1o note that it is only realistic
to iry and address memory locations that actually exist as implerpented
with the 101 memories,

The DEPOSIT switch allows us 1o deposit data from the swilch
register to the memory location that we have just addressed. Once
the HI and LO addresses have been loaded and checked we set the
switch register to the value of the data to be entered into that loca-
tion, Pressing DEPOSIT causes the computer to write the data word
set in the switch register in the memory location we have selected,
The memory address is astomatically incremented when we actuate
the DEPOSLT switch. This is done by using the SNT4193 program-
mable counters as the address latches. By avtomatically incrementing
the zddress we have gone (0 the next memory location without
having to reload the next successive memory address, We may now
deposit data in the next memory location and the next and so on
just by setting the data in the switch register and actuating DEPOSIT.
The address steps to the next location automatically. in this way
blocks of data arc easily stored in successive locutions.

Another control, EXAMINE, is also provided, Once we have
loadedt an addzess in {he HI and LO address latches using LAH and
LAL we sce the contents of that location in the memory data LED
readouts. Actuating EXAMINE steps the memory address to the
next location without altering the data stored there. We may examine
consecutive locations just by depressing the EXAMINE switch. This
alfows ns to check programs or data without altering the data present.
Suppaose thal we depress EXAMINE and we find that the data is in-
conrect and we would like to change it. et the new data in the
switch register and actuate DEPOSIT. This changes the data in that
particular location, We may now continue to examine data in the
noxt consecytive locations by continuing to actuate the EXAMINE
switch. Any of our memeory locations may be examined and data
may be stoted in any of thent. Since the new data writes over Lhe
old daca it is not necessary to clear out a memory location before it
18 used.

Remember that these contyols may only be used if the computer
i3 in both the JAM and SINGLE STET modes.

Interrupt

The INTERRUPT has been mentioned, but little has been said
about it. The INTERRUPT is used to de jusi that io the compuler.
We can interrupl the present program and cause the computer to
temporarily do some other task and then returd to the program. it
is also possible to make the computer Yeave a stopped state with the
mterrupi.

Suppose that we want to get a charucter from a paraliel outpyt
ASCII keyboard and display it on the eight LED's of ouipul port 0.
The needed program could be written as:

Address Instruction Commeants*

HI LO Binary Octal

aln} Qo0 | 01301 001 111 —Input data from port O to
CPU ragister A

a0 Qo1 | 01 013001 121 —Output data from register
A to output poart 0

{0 Qa2 | 11111911 377 —Halt, wait to be
interrupted

0o 003 | 01000 100 104 —lUnconditions! jump back
to

g Q04 | COGRO OGO | 00G —L0 Addrass = 000

00 005 | 00000 00G | 000 —H! Address = 000

*For a comptete gescription of instructions see Intel
User's Manual

Assuming that the computer has baen started the progzam gets an
ASCII character at input port () and places it in the CPU register A.

It then gets the character from register A and sends it to output port
0. The computer then halts. There i5 a signal line on the kevboard
similar to ‘key pressed’ or “data ready” which is used to signal the
computer that there is new, valid data ready at inpul port 0, This
pulse or signal is used to sizobe the External Interrupt Input with a
logic fevcl 1, causing an interrupt of the processor to take place. How
does the processor know what it is to do next? The {nterrupt Instruc-
tion Port ix used Lo send an instruction to the computer which indj-
cales to the computer what it8 next action should be, In this case we
have entered a continue or no-operation, 11 000 0G0 or 300 on the
switch register. This tells the computer to stazl up zgain and to
gxecute the next instruction. The next instruction is an uncondi-
tional jump, 4 3-byte instruction, which indivales that the program
should now go to location HE = 00 und LO = 0G0, or the original

start of the program where it will get the sext character, The 300
must have beep set on the switch register prior to trying to input data.

Any instruction may be set on the switch register to be fed into
the Interrupt Instruction Port when the computer is interrupted,
Multiple part instructions such as the ynconditional jump instruction
could also be entered, but it would take some extra interface logic to
dor this. Multiple byte instructions are aften entered when the con-
puter is in the Single Step mode, Usuallv only single byte insttuc-
tions are entered, The 300 mstruction, continue or no-operation, a
halt or HLT and the restart or RST instructions are usually the onky
oncs entered while the computer is running at its normal speed,

We have assumed that the progrsm just described had already been
started. How are programs started? ¥You may have wondered, since
there js no START pushbutton on the operators console, With tiwe
compuier program entered in memory and checked as previously
described, using the JAM mode in the SINGLE STEP mode of opera-
tion, we reluin to the INTERRUPT mode and we enter 104 on the
switches in the switch registar. We then depress the INTERRUPL
switch and then the SINGLE STEP switch. We then cnier the iow
address of the start of the program on the switches and actuale
SINGLE STEP, followed by the high address and the actuation of
SINGLE STEP. Wt have now entered a muliiple byte instruction.

Ll we now switch to the RUN mode, the program will run, Notive
that we have only actuated the TNTERRUPT switch once, just after
entering the 104 on the swileh register. This is one way in which we
start a program. We enter an unconditional jurp instroction followed
by the low and then the high address of the start of the program. We
can easily stop a program by cntering 2 377 on the switch register and
interrupting the computer with the Interrupt switch, We start up
again by entering a 300 on the switch register and actuating interrupt.

The Restarl or RS1 Insiruction is one of the most useful instruc-
tions thiat may be eniered from the swilch register when we interrupt
the computer. 1t is used to start progeamis and it is extremely usefut
when using the computer with external devices. The Restard instruc-
1300 15 & pointer type of instruction that points the computer to a
particylar location without 3 muitiple byte jurmnp instruction. [f we
lack at the RET instruction in the instruction set we see three bits
labeted A; 00 AAA 101, The A’s arc sct to the starting address of
our prograin and we assume that al! other bits in the address are
zero; HI = 00 000 000, LO = 00 AAA 000, Note that we may only
point ta eight particular locations with the RST instruction as shown
in the following table:

AANA Restart Instruction Pointed to

Hl LG
000 005 00 [id]
001 Q15 o0 01Q
010 025 00 020
011 036 00 030
100 045 00 Q40
101 055 00 050
110 0G5 0o 060
111 075 a0 070

Assuming that the ASCI input/output program still starts at ad-
dress 00 000 we could put the computer in the INFTERRUPT and
RUN modes, enter Q05 on the switcl register and actuate the INTER-
RUPT swiich. We musl then change the switch regigter selting to
300 for the program’s use. We have used the Restart instruction to
point the compuler to one particular location. IF our progratm started
at 0 020, we could have used the 025 1estart instrection to point
the computer to 00 020,

Suppose, however, that our program does not start at apy of thew
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locztions, but at 00 130 instead. We would still like to be able 1o
start the program without the multiple byte jump instruction having
to be entered al the switch register at the start. In this case we go to
one of the pointer addresses, say 00 030 and we place 4 jump instruc-
tion in that location, followed by the low and high addresses of our
program’s start, This will cause the computer to jump (o our pro-
gram whencver it reaches 00 030, The data stored now looks like:

D0 030G 104 Jump to:
00 03 150 LO Address
00 032 000 HI Address

7]

We can now enter a )35 in the switch register and with the com-
puter in the INTERRUPT and RUN modes we actuate INTERRUPT
and cause the computer to go to location 00 030, Onee it reaches
00 030 the instructions tharz cause it to fusap to 00 150, the start of
our program, We have now been able to point the computer to any
location desired with a single restart insiruction. This type of pointing
after the computer is inlerrupted is usually found on large, expensive
computers, [1is very useful when tzking in data from a number of
sources, as we will see next.

‘Suppose that we have our ASCII keyboard connected to input
port {} and we have a digital counter connected to input port 1, Fach
must be able to mput data to the computer. The counter will input
duta once & second, while the keyboard will enter data once in a
while. The counter data is taken care of by a program a( 00 04( and
the ASCI keyboard's data is taken care of by a program at Q0 920,
Each input device nscs the interrupt line to signal the computer that
it has data ready to inpurt, but the computer needs some way of dis-
tinguishing where the data is coming from. As cach device causes an
interrupt, it could also apply its coded pointer addiress to the Inter-
mupt Instruction Port in the form of a coded Restart instruction., The
computer weuld then be pointed to the comrect program fo take care
of the different data present at the input port. The counter would
apply D45 and the ASCII keyvboard would apply 025 to the Interrupt
Instruction Port, This could be dane ag shown in the following dia-
gram, where the input lines have replaces the switches. Circuits to
prevent the coincidence of the two signals would be needed, but the
concept is still the same, This is a very easy methoed of allowing the
computer to be pointed to the correct program to take care of input
data from an external device.

Check-out and start-up

1. Recheck the wiring of the switches and the modules. Be sure
that all components and [C's ave soldexed on both sides of the PC
bourds. Check to be sure that wires have been soldered through the
holes from sude to side where there arc no components. At this point,
the External Inteerupt jumper on the Memory Address/Manual modale
should be in place, and no exicrnal device should be conneeted 1o
the Mark-§.

2. Before connecting the power supply to the computer, tutn it
on and recheck the voltage levels. With the power OFF, conuect the
power supply to the computer, Place the control switches in the IAM
and STEP modes. Set all switches in the switch register to 0. Be sure
that the 3008 micro essor 1C 15 not in (hg circeit at this time.

3. Since'the Mark-8 uses a crystal alock, ne clock adjustments
are nccessary, With the 8008 IC still out of the circuit, turn the
power on. Check the pins of the 8008 socket. Woltages shonld rcad
between ground and +3 velts. Only one pin, pin 1, should be at -9
volts, i others are al -9 volts, check for solder bridges. Turn the
power OFF and insert the 8008 IC.

4. Turn the power on. The S-voit and 9-volt LED indicators
should light, If they do nol this could indicate either a poor con-
nection or a short in the wirlng. $ome of the LED's on the Read-
out module may alse be Lt at this time. With the switch register set
at all zeros, depress LAH and LAL. Now the LEDs in both the HI
and LO address registers should jndicate all zeros. 1€ no change
oecurs, check the connections of the control switches. If all the
LED's now indicate ones, repeat the above procedure with the
switches set to all ones instead. 1f the LEDYs now indicate all zeros,
the power connections to the switch register are roversed, 1f the
LED's stay on, check the connections to the INTERRUPT/JAM
switch and the connections on the [nput Multiplex module and the
Memory Address/Manual module.

Pace one switch at & time in the | state and depress LAH and
LAL. The switch sctting should be transferred to both the HE and
LO LED readout registers. If it 15 transferred to one and not the
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other, checle the connactions to the SN74193 programmable counters
on the Memory Address/Manual module. IF it is transfesred fo nei
ther, check the switch connections o the Interrupt Instruction Pord,
If it is trunsferred to the wrong bit pesition, recheck the connections
to the [nterrupt Instruction Fort.

INTERRUPT ENCODING DIAGRAM
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FIGURE 4

Once these checks have been made, try loading a number of dif-
ferent addresses to familiazize yourself with how these addresses are
loaded. Then load HI = 00 and L) = 000 and use the EXAMINE
switch to examine the next few locations. The memory data shouid
change to indicate changes in data. Return to H1 =08 and LO = 0G0
and notc on a picce of paper the data currently stored in the next
seven locations, Reload the starting address and now depaosit some
data in the locations, The data may be randem or ail the same, but
be sure to note it also on your paper. After the data has been de-
posited go back and check to see §f it is really there. 1f it is not, check
to be sure that the memory address advances each time the DEPOSIT
or EXAMINE is actuated. Also check the connection from Write
Qut on the top of the Address/Manual module to the top of the
Memory module. If data is still not being deposiied, check the solder
connections and jumpers on the Memory module.

We aré new ready to try the complete computer. Turn the power
back on and with the following switch settings, load the program
telow. Set INTERRUPT/IAM to JAM and set RUN/SINGLE STEP
to SINGLE $TEP.

Load LQ =000
Losd Ht =000
Depesit = 104
Deposit =000
Deposit =000

This short program is used to test the operation of the micro-
processor. After it has been loaded, set the switch register to 003,
retuan from the JAM mode to the INTERRUPT mode, actuate
INTERREIPT, and then actuate SINGLE STEP. Now as vou zctuate
the SINGLE STEP switch, the program should run through and then
Jump back to the start at location 00 000. If the prograp does not
runi turn off the power and check the connections to the CPU module
and be sure that all components and wires are soldered through the
board on hoth sides.

The next program will icst the computer in a more dynamic
mode, It will increment the contents of a register and will then dis-
play it on the LED outyut for ontput port 0. The program gives the
mncemonic s well as the octal and binary instriction equivaients,
Here again, load the HI and LO starting addrcsses, enter the first data
word., depress DEFOSIT, enter the next data word, depress DEPOSIT
ete., until all of the program instructions have been entered,

All the numbers in the program (program is focated at the top of
the next page) are in octal notztion, so remember that there are NOT
any memory locations betweer: 00 007 and 00 010,

When you have finished depositing the data, set the switch register
to 0035, switch JAM t¢ INTERRUPT, depress INTERRUPT, depress
SINGLE STEF and then switch to the RUN mode. The computer
should new be counting or incrementing the output port 0, making
it look like a binary counter. Enter 377 or 000 on the switch repister

.



REGISTER INCREMENT TEST PROGRAM
This program starts at location 00 000 and it is used to
tast the dynamie operation of the Mark-8 Minicomputer.
Address | Mnemonic| Octal Comments
00 000 LDCl Q28 —boad C Immediate
00 001 000 —Data to be loaded
00 002 LDAl Qo6 —boad A Immediate
00 003 ooo —Data to be lpaded
D0 004 LDBA 3i0 —Transfer A tc B
00 005 TNC8 010 —Increment B by +1
00 006 LDAB 301 —Transfer B to A
00 007 ouUTe 121 ~—Qutput A to port 0
00 017G LDEBA 31a —Return A to B
00 011 LDAC 202 ~Transfer C 1o A
00012 ADOI 004 —Add Immediate
00013 001 —Data to be added
00014 JPFC 140 —Jump if Carry is True
00 Ci1s oos —LC Address of jump
00818 000 —H| Address of jump
00017 JPUN 104 —tinconditional jumg
00 020 012 —LO Address of jump
00 G21 000 | —HI Address of jump

and actuate INTERRUPT. The program shouid stop.”Enter 30( on
the switch register and acluate INTERRUPT. The program should
again start to execute.

If all of the checks have been made and the compuier operated all
of them correctly, the construction and debugging of the MARK-8
Minicomputer has been completed. You may now use the computer
in zey application you wish.

Data output

We have already covered the input of data into the Mark-8 com-
puter, but liftlc has been said about the output. The four output
ports are located on the Dutput medule, allowing us to attack up to
four different devices to the Mark-8 that will use the data from the
computer. Eight bits of data are sent from the CPU to the four groups
of latches where the data may be held. We designate the appropriate
latch with the QUT command and cur jumpers determine which latch
is activated by the computer. Aswe have previously seen, the com-
puter has an instruction that has three M bits in it which are set to
the binary equivalent of the cutput port we wish to send the data to.
An instruction 01 010 011 would cause the eight bits of data te be
latched at output port 1, since the underlined part of the instruction
is001 = 1. We may also add extra cutput ports to the minicomputer
by adding an extra Quiput module. Three of the sets of latches on
the additional moedule may be used. Remember that we must use the
juimpers on these moedules to select the code which will activate sach
oufput port.

Althongh eight bits are present al the output of the port, some-
times we only need one or two biis to turn something on or off. The
fellowing exampie (Fig. 5) shows how we could use an output port
ir this way to turn a lamp on and off:

T g SET o ¥
FROM OUTPUT
PGRT NG. 2 =
Dpo CLEAR
FIGURE 5

if we output an XX XXX X01 on output port 2 we wouid turn
the lamp off, while an XX XXX X 10 would turn the lamp on. The
other six "X bits may be any value since we do not use them. They
may be wired to some other device, but using this armangement we can
enly control up to four switches with each ontpui port. A more
flexible arrangement uses two SN7442 decoders on the output ports.
These decode the output signals from the computer into two distinet
groups which may be combined to give us control of 64 deviees.
This is shown in the nexi diagram (Fig. 6):

With this circuit as shown we could latch out 021 on outpui port
2 and get a signal from NOR gate I-1. Latching out a 020 would
activate NOR gate I-2. These gates could then be used to pulse 2 fip-
flop, a stepper moter or to open and close a valve, The decoders alone
can give us the 64 possible combinations, but with a few extra gates
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FIGURE &

we may also use bits Dg and Dy to give us 256 possible combinations.
The output at [-3 occurs only when we latch out 243 on the output
port.

This decoder arrangement 1s very flexible and it 1s used when we
need to perform some task that does not require all cight bits of data.
We huve converted one of cur output ports to a decoded output and
we still have six possible output ports to output eight bits of data to
some other instrument such as the TV Typewriter.

Sequencing through each of the outputs shown in the schematic
diagram could be accomplished with the foilowing sample program:

CODE OCTAL COMMENTS

LDAI (£ —Load register A with the data
021 —Diata to be lcaded

ouT2 123 —Qutput register A to port 2

LDAI Q06 —Load ragister & with the data:
020 —Data to be loaded

ouT2 123 —Qutput register A to port 2

LDAl 006 —Load register A with data:
243 —Data to be loaded

ouT2 23 —Qutput register A to port 2

HLT 277 —Halt the program

Input

Unfortunately, the minicomputer has only fhrce input ports,
one of which has been dedicaied to getting the memory data to the
CPU. Perhaps the other one has been assigned to a keyboard, leaving
only one input port for data input. This input could be expanded
using additional multiplexers, but this would add considerable inter-
[ace legic to our basic computer, It is much easier to use the remzining
input port with an 8-bit data bus, similar to our main [/0 bus, We
could then gate selected data onto the bus as it was needed. Upen
collector or tri-state gates are used on the bus.

In one of our provious examples, 2 counter was connccted to the
computer’s remaining input port, but now let’s assume that we have
also added a digital veltmeter and it, too, will send eight bits of data
to the computer, The following bus circuir {Fig. 7} shows how this
data would be sent to the computer:

EMABLE STATE DATA TO CPU FROM
Counter DvM

] v} NONE

0 1 DvM

1 v Counter

1 1 Not Allowead

We can selectively enable the set of open collector NAND gates
(SN7401 or SN7403 types) that gate the data crto the data bus that
is connectad to our input port. We may select either the counter or
the DVM for data transfer 1o the CPU. In mosi cases, however, the
data wili be sent to the computer faster than we can switch between
instruments with 2 manual switch. There must be some method for
the camputer to select which data 15 sent to the CPU. We have scen
how the computer may be pointed te a program, using the Interrupt
Instruction Port and a Restart {RST} instruction. We use this method
to distinguish which instrument has data te input te the CPU. Since
the computer can now distinguish between the DVM and the coenter
all we need is some way for the computer to switch beiween the
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I’nabie lines on the sets of open~collector gates attached to the data
bus.

Decoders on an output pori could be used to turnss Jamp onand
aff, s0 why not use this same concept to allow the computer to
switch betwecen the two sets of gates. The output of NOR gate [-1
coukd po to the DVM Enable line and the output of NOR gate 1-2
could go to the counter Enable Hne. To enable each we would use
the following steps in our data input programs: (Data input instruc-
tions have algso been included.)

DVM INPUT PROGRAM

LOAI 008 —Load register A with data:
G20 —[Cala to be loaded. 020 is latched
QuT 123 cut at this peint, activating the
MNOR gate output, placing the DVM
data on thg input data bus.
INP1 103 —Input data from port 1 10 reg. A

COUNTER INPUT PROGRAM

LDAI Q08 —Load A with data:

021 —Data o be loaded

ouT 123 —Qutput data from reg A to port 2
INP 103 —Input data from port 1 to reg A

Now, whenever 020 is output at port 2, we select the DVM and
when D21 is output at port 2 we select the counter to input its data
on the input bus. We could, therefore, cull the DVM device 020 and
the counter device 21, We could also use the extra function, the
ouipul from I-3 to reset the counter after the data has been taken in
by the CPLL

Other input devices could casily be added ro the input data bus,
Just by adding extra sets of eight open-collecior NAND gates to the
bus. Extra conirol functions could also be added 1o the decoded out-
put port by adding NOR and NAND gates a5 needed. )

The inpit and output type of propramming just illustrated shows
the power of the Mark-8 minicomputer. It can input and cutput
eight bity of digital duta and it can control external events such ag on
and off control for switches, opening and clesing valves and cnabling
other devices.

Programining

Programming s a skill that can oniy be learned well by doing. A
good point to start learning about programming is by disecting some
programs or parts of some programs. The programining examples in
the Intel User's Manual are useful for this. Try and understand the
RCD-to-Binary and the Binarv-to-B{'D routines in the Bootstrap
Eoader program. The register increment program given as a test pro-
gram: earlier can also be disccted to understand how it works. The
PrOgramn coyld have been written to do the Imerementing and output-
ting in other ways. Can you write a short program to do this? Try 1o
substitute other instructions while understanding how the program
operates, Ty writing short programs that use other, new instructions.
These short programs will introduce you to the power of the Mark-8.
Try also to use the subroutine pointer register and some of the four
flags in y¥our programs.

All of your programs must be entered into the computer through
the switch: register using the manual controls. 1f you have a numeric
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or an ASCIT keyboard, (rv and wiitc a program that wiil allow you to
enter program data into the computer Trom the keyboard. This will
certuinly simplify the task of programming.

Thete are seven gencral-purpose registers in the CPU-A, B, C, D.
E,H and L. These are used for temporary storage of eight bits of data
when programuming. The H und L registers are special since they are
used to point to memory locations during the execution of a program.
The H-register contains the HI bits of the memory location and the
L. register contains the LO bits of the memory location. These regis-
ters must be loaded with an address prior to the excoution of an EMr,
L1M or LMI type of instruction. We have used the LAL instruction
before in our examples.

The following example shows how thess two repistats are used.

We wish to load a memory location, 01 023 with data, 137. We first
must load H and L registers with the address and then load the data
into that selected address.

LLOHI (56 | —Load ragister H with data:

001 | —Rats 10 be loaded {H1 address)

LDLI 066 | —Load register L with data:

023 | —Dara 1o be loaded {LO address}

LOMI 076 | —Load memaory address pointed to with deta:
137 | —Data to be loaded to memory

The H and L registers are internal to the 8008 microprocessor, as
are the other temporary registers. They are NOT the HI and L( ad-
dress latches that we have talked about before, When we are program-
ming we always must specify 2 memory location with the address in
the H and L registers before anything is done to that location,

Other basics of the programming ingtructions are included in the
Intci User’s Manual. When iooking at some of the programming ¢x-
amples in the User’s Manual, note that some of the instruction codes
are in DECIMAL and not octal notation that has been used through-
out this article. Use the octal codes as much as possible since the
binary-to-octal and octal-to-hinary conversion is a snap,

Qctal number system

Before you atiempt to understand the octal number system, you
should understand the binary number system used extensively in
computers, If you need to review the binary system, see Computer
Architecture, by Caxton Foster, mentioned previously. .

The Mark-8 is an §-bit minicomputer, and each of its eight bits can
exisl in only one of two possible states, 1 or (. You have probably
noticed in the intel User's Manwal that the instouctions are extensively
noted in straight binary format, sech as 31 011 130, This is an ex-
cellent way to become familiar with the insiructions, but il leaves a
great deal to be desired when communicating between programmers
and computers, We have, therefore, decided to uss the QCTAL num-
bering system to represent the program instructions and data as pre-
sented in this article,

The octal numbering system breaks Lhe eight bits of the Mark-8 up
into sets of 2, 3 and 3 bits each. Each set has a value assigned for
each bit as shown below:

Vaive= 7 1 4 2 1 4 2 3
Bit = Dy Dg Dg Dy D3 Dy Dy Dg
Set 3 Set 2 Set?




p—r——

We can now convert any 8-bit binary number to an octal number
by placing the values over the numbered bits and adding the value if a
1is present and adding zero if a O is present. Thus to convert the bin-
ary mumber 10 111 101 to octal we would have Sct 3= 2, 8et 2=17,
and Set 1 =35, Qur actal namber would then be 275. You will note
that the largest binary number we can have for our eight bits is 11
111 111 which converts to 377,

Cover the righl hand side ¢f this colamn and test your conversion
skill with the following numbers:

Convert Lo octal

11101 001 351
40 Q00 000 000
00011111 037

Convert to binary

332 11 101 010
273 10111011
105 01900 101

MARK-8 MINICOMPUTER EXPERIMENTS

1. These experiments build npon the information presented in
the main article. If you are in doubt about a point that has been dis
cussed, po back and review it before starting the experiments,

2. Thesz experiments use the minimum memory configuration of
256 eight-bit words. Mare memory may be used, but it is not neces-
sary for thesc experiments,

3. A keyboard or an output device such as the TV typewtitet is
not necessary for these experiments. If an ASCIH kevhoard is con-
nected to the minicompuler, conngct it to input port Q,

4. Most of the programs to be used in the experiments start at
address HI=009 and LO=000, s0 the memery board must have the
jumnpers in place for the minimum configuration as neted in the main
article. Programs are started unless noted otherwise by loading 005
in the switch register (SR), placing the JAM/INTERRUPT switch in
the INTERRUPT mode and the RUN/STEP switch in the RUN
mode. Depressing the momentary INTERRUPT pushbutton or
switch wiil then vector the computer to Hi=000 and LO=000 to
start the program. This will be noted in the experiments as 005/
Tnterrupt.

5, Only a few supplies are needed to do these experiments, but
the user 1s encouraged to build upon these experiments to learn
more about the computer operations,

Breadboard {El. Instruments | C breadboard or equivalent)
Red LED's, MV-5020 or equivalent

470-chm 1/4-wart resisiors

SN740G4 hex inverter

SN7400 quad NAND gates

SN7400 {noenfunctianal |

Datel 928 digital-to-analog converter {optionall

O R N S

Experiment No, 1 DATA INPUT
Connect eight wires from input port No. | to the breadboard,
and }oad the following program into the computer:
Hi=000 LQ=00CG 193  Input data from port 110 A
121 Qutput data frem A 1o poert 0
Q0D Halt

Start the program with a 005/Tnterrupi. Connect some of the
wires to +5 volts and some to ground. Depress the INTERRUPT
pushbutton and the data set on the lines at the breadboard should
be transferred fo the LED’s on the front correspording to port (.
Change the data set on the lines to something different and again
depress the Interrupt pushbutton, Does the data change? [sit
equivalent to the data now on the eight inpui lines?

Change the Program to:

103

121

104 Urncenditional jump to:
000 LO QG0

000 H! 000

This will continuously run the program once you start jt
with a 005/Interrupt. Data Is continwously taken from the input
port, heigd in register A and then output to the LED’s oa pott 0, As
you change the data en the eight input lines, the LED’s will also
change. Place the RUN/STEP swiich in the STEP mode and depress

the momentary Step switch to step the computer through the pro-
pram. Change the input data while doing this. Can you see when
the data comes mto the computer and when it is sent to port {7

This program will only input one word at a time and it is only
temporarily stored in register A. We often wish te store the data in
memory for use at some later time. This is done with the following
program which takes in an 8-bit data word and sfores #t, We can
later go back and check the memory location to confirm that the
data has indeed been stored there.

D56 Load H Immediate

000 H=000

066 i{gad L Immediate

100 L=100

103 Input data to A frorn port 1
121 Output from A to pori 0
370 Load data from A to-memory
06d Increment L {L=L+1)

[al4;) Hah

104 Unconditions! jump

04

a0

In this program we 1oad registers H=000 and T.=130 to act as the
address for memory stotage, so our data file will start at address 100.
Set some new data on the eight input lines and start the program
with a 005/Interrupt. This will start the program and the first data
word will be stored tn location 100. Change the SR setting to 300
{Continue} and now each time the INTERRUPT pushbutton is de-
pressed the eight bits set on the breadboarg will be stored in se-
quential memory locations, 101, 102, 103, ete. Stoze about 10 dif-
farent words of data and then stop the computer, = 000/ Interrupt
will do this, and fhen load HI=000 and EQ=100 and use the
EXAMINE kcy tc check your data. Does it correspond to the data
that you set on the breadboard? To restart the program, use a 005/
Interrupi. This will also re-initialize the storage addiess back 1o 100,

Data that has been stored could have come from a kevboard, 4
digital volimeter (DVM) a digital cleck or even a digital combination
tock. This experiment demonstarted how a computer inputs data and
zlso how data files are built up for future use.

Experiment Na, 2 DATA QUTPUT

We have alrcady used a data output statément in the programs in
Experiment No, I on data input, Data has been sent to output port
0D which drives a row of cight LEDs for data display. This visual data
can give us an indication of the computer’s operation or a display of
data for a visual check. Cutput ports 1-4 are nsed to output TTL
signals to external devices for our use in real operations.

Conrect four cutput lines from output port 3, bits By, Dy, D4,
and D, to the breadboard and the circuit shown in Fig. 8.

L

; 5 azon 1w
S R
3 4 4700 1/aw
D4 o——l o1 ———— Wy )
5 3 476G 1/4W e
Dzo_%
g 8 2700 1/
Lo Dc Jag AAA——— e
MV-5020
7404 @)
FIGURE 8

When the output data is logic 1, the correspording LED will be
ON and if the data is logic 0, the LED will be OFF. Load the fol-
lowing program into the computer and start it with a 005/Intermpt;

005 Laad A Immedizte

000 Data
127 Qutput to port 3
003 Halt

This loads A with 000 and cuftpats this to the LED’s on port 3 at
the breadboard. Ge back and change the data in location 001 in the
program to something different and restart with a 005/ [nterrapt.
Remember that only bits 0 to 3 are used so changes in the other four
bits will net be seen on the LED's. Confium that yeur new data is
sent to the four LED’s. Now change the program to:
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103 Input from pore 1
127 Cuiput to port 3
#i01] Hatit

Start with a 005/Interrupt and the data from the input Lincs will
be output to the fous LED's on auipuet port 3. We have used the
input lines to get data and we have then sent it oul to the LED's for
a visual indication. Change the data on bits 0 to 3 of the inpul lines
and confirm that the data is sent to output port 3 when you actuate
the INTERRUPT pushbutton. If we now change the program to:

103
127
104
Qoo
00a

we find that when we start with 005/Interrupt, the program will con-
tinue to run and as we change the dala on the input lines, the LED's
will alse change. So far, the compuier has not interacted with the
data, but has only acted to transter it from one place 1o another.
Let us imagine that our four input lines, Dg, Py, Dy, and Dy are
connected to a binary encoder that encodes the level of liquid in a
tank. Binary 0000 = empty and 1111 = full. We wish 1o have the
computer contro? the level in the tank so that it will never overflow.
We will program the computer to turn on all four LED’s when the
level reaches the point which gives 2 binary 1210 code. This witi
signel the aperater te turn off the il valve, We could also connect
one {ogic cutput to a relay 1o turn the valve off if we have an
electrical valve, How do we get the computer to detecta 1110 input
code? The use of the compare instruction is the egsiest. The com-
pare mstruction is explained in the Intel Users Mannal,

Qur new program looks like:

gos Load A Immediate

00 Data

127 Qutput to port 3 [Clears LED's)
103 Input data from port 1
74 Compare with:

016 18g = 11105

111G Jump if result = 0

Q3

000

oog 1T =0, Load A lmrmediate
377

127 Qutput to port 3

000 Halt

This program may be ioaded and tried. The program wiil con-
tinuously input data from input port 1 and check it with 1110 or
Ol6 actal. If the result is equal to 0, the computer outputs 377 to
port 3 and this lights all the LED's. 1f the result is not equal to 0,
the computer jumps back and inputs and checks the next input
word. Remember that the unused input lines to tnput port 1 must
be grounded for this program to work.

This experiment has shown ¥ou how the compuler outputs data
and how the computer can make 2 decision based upon the input
data.

We would really like to make the complete process as automatic
as possible. Try writing a program to turn the lights off again when
the input code is binary 0001, This will allow the compiiter to refill
the tank when it is aimost cmpty.

Experiment No. 3 NAND GATE TESTER

It would be very difficult for both IC manufacturers and usars te
test large numbers of intcpraled cireuits by hand, so some sort of an
automatic tester must be used. In this experiment we will use onr
concepts of input and ouiput of data and computer decision making

to do actual tests on NAND gates to determine if they aze bad or good.

The program listed in this experiment will only test an SN7400
quad NAND gate package as being goud if alf four of the individual
NAND gates ase opetational. Packages with one o more bad gates
wiil ke rejfected as bad. Wire the test circuit on the breadboard as
shown in Fig. 9. A NAND gate is inserted in the breadboard and the
computer is started with a 005/Interrupt. The package is removed
and the next one inserted and the computer is again started with =
005/ [nterrupt to lest this next package. The resclt of the test is
shown in the LED's on output port 0 as acted in the program.

In this program, our netation will be a bit more sophisicated. We
will start to understand the program steps in terms of the mnemonics
associated wiih cach step. We will also start to assign names to
variols prograim steps to smplify our notation, thus JPUN START
means to execute 2n unconditional jump to the location designated
with START. A program step like JPUN START+2 means to jump
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to the address that is equal to the address of START with 2g added
lo it

000 018 LDEI 030 047

00t 377 031 000

Q02 G626 LDCI 032 303 LDAD
003 252 033 108 JSUN Test
004 036 LoD 034 047

008 125 3% 000

006 D486 LDE| 036 304 LDAE
Qo7 000 037 1086 JSUN Test
010 066 LOLI 040 047

011 361 041 000

012 250 XORA 042 006G LDAI
213 301 LDAB 043 00%

214 127 ouT3 044 104 JPUN Bad+2
s 103 INP1 Das 055

016 074 CONI 046 000

017 000 47 127 Test, OUT3
020 150 JPTZ Next ase 103 INP1

021 026 051 208 ADDL
022 000 052 043 RTTC
023 104 JPUN Bad 053 008 Bad, LDAI
024 0563 054 200

026 ana 055 127 oUTy
Q26 302 Next, LDAC 056 000 HALT
027 108 JSUM Test

Once you have loadad the program, test a NAND gate and sce i
it is good or bad. If it is good, the right-most LED in autpnt porl ¢
will be lit. 11 it is bad. the left-most LED will be lit.

Try aind lollow the logic of the program. Test patterns are sont
to the NAND gule and then checked against what they should be if
the gates are indced good. This can also be done for ether circuit
elements such as fTjp-flops, counlers and other types of gates, Try to
rewrite the test portions of this program so that it will test NOR gatcs,

Experiment Mo, 4 RUNNING TWO PROGRAMS AT
THE SAME TIME

It is often necessury for the computer to do two things at the
same tiree. We may require the minicomputer to take ic data once
& second while it is also doing some calculztions or controlling
another experiment. This experiment shows how the computar is
nsed to run a main program znd 19 also acquire data at the same
lime. We will use the basic register increment program that we nsed
during the computer checkout as our main running program and we
wiil use a shorter program to take in data and store it in memory
whenever we actuate the INTERRUPT pushbutton. The ragister
increment program is listed balow:

280 Exclusive OR A with A (Clears A}
310 Load A — 8

320 Lead A — C

380 Load A — H

066 Load L Immediate
100

cl0 Incremant B

3m Load B — A

121 Load A =+ Quiput Q
310 Load A — B

302 Load C — A

ﬁ;
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004 Add Immediate

001

140 Jump on a True Carry
D06

00a

104 Jump Unconditional
013

000

This program loads register H = 000 and register L = 100 as ad-
dress pointers for our data storage file. The program then will exe-
cute the register increment portion of the sequence.

The next part of the progran is located in a differeat section of
the memory and it starts at HI = 000 and LO = 050. This program
will temporarily store the A register in E, input data from input port
I, store it in memaory, return A from E and return to the main pro-
pratn, Mow load:

000 050 340 lLoad & — E
103 Input 1 = A
3 Load A — Memory
060 Increment L
304 Load B —= A
o)) Unconditional Return

Start the program with a Q05/Interrupt and then change the
switch register setting to 055, Now. ¢ach time the interrupt 18
actuated, the data from the input port 1 input Hnes will be stored
in memory, starting at location 100, Make 2 note of your data sel
at the input lines and actuate INTERRUPT. Change the daly, note
it, and again actuate the INTERRUPT. After entering a fow data
words, look closely at the incrementing ragister, output port 0. Do
you see any change ia the rate of operation when you acluate the
interrupt? The computer sxgcution of our ghort subtauting is very
fast and we do not see any visible change, Calendate how long it
takes the computer to run through the short routine starting at
location Q00 050,

‘This experiment has demonslarted how we can perform two, or
even more tasks with the computer without any visible changg in the
computer operation. This type of programming is calted Interrupt
Progrumming sinee we interrupt the repular program, perform some
other task and then return to the inain progran.

Using the same main program, can you change the subrouting at
000 050 to vutput data from locations 100 and on up to the LED's
on eutput pert 3% Hini: Galy two instructions need to be changed.
We will, of course, anly display the fonr bits, © to 3. Does the data
output agroe with the data you just stored?

Experiment No. 5 PROGRAMMARBLE FUNCTION GENERATOR

An inexpensive, 8-bit digital-to-analog converter (DAY such ag
the Datel type DAC 98BI ($9.95, Daiel Systems, [nc., 1020 Tan-
pike §t., Canton, Mass. 02021 may be usad to convert each of the
possible 28 or 256 input conditions to an analog voltage propor-
tional to the valve of the binary input. Ag the input conditions
change, the output voltage alse changes and this may be wsed to give
us complex waveforms under computer control. Programs are given
to generale 4 positive ramp, a negative ramp, 3 tiangnlar wave and a
complex waveform designed by the uscr. Lach of these programs
may be treated 45 a subroutine by removing the jump statements
that cause the program to repeat itself and inserting a RTUN or
return statement. The individual statements may then be called as
subroutines io generate 3 very complex set of functions, such as
three triangular waves, two positive ramps and 2 user defined wave.
This can alse be done continuously ot in a burst, by making the
progeam that calls the subroutines jump back and resiast itself or by
kalting it after one complete ¢ycle thaough the progran.

Positive Ramp Generator

060 Q10 INCE

ac1 301 LDAB
ooz 127 ouT3
003 104 JPUN

o4 QoG

005 aco

MNegative Ramp Generator
Reptace the first instruction with 011, DECH

Triangular Waveform Generator

000 Q10 UP. INCE
001 150 JFTZ DOWN

002 01

003 0ao

004 3N LDAB
Q05 127 ouT3
006 104 JPUN UP
Qo7 oo

010 0og

011 01 DOWN, DECE
;2 150 JETZ UP
013 000

a4 000

c1s 3m LCAR
o1s 127 ouT3
[ 104 JPUN DOWN
020 01

023 000

A staircase waveform is generated by incrementing in large steps
or by adding a fairly large number to itself & number of times. This
is shown in the following staticase generator program:

000 Q06 START, LDAI

0o 000

002 Dos ADDI

003 040

004 127 ouT3

05 104 JPUN START
008 000

007 000

The memory may slso be used to store binary values that are o
be output to the DfA converter, Tn all the previous experiments we
have only used the repisters for data sterage. Load the following
program: into the computer and execute it with a 005/Interrupt.

Goo 068 START, LOHI

001 000

oGz 307 LDAM

003 127 QuUTS3

004 010 INCL

00g% 104 JPUN START
006 0G0

007 Qa0

The output voltages now observed on your scope will correspond
o the voitages given by the binary values stoted in the 256 memory
locations from 00 Q00 to 0§ 377. Stop the program and load 000
in locations from 100 te 130, Reswatrt the progiam with a 005/
Interrupt. Do you chserve these values as a yollage output on the
scope? Try 1o load some differcnt vatues and observe them in the
same way, Can you pet this progiam to oulput a triangular wave
from the data stored in memory? Qihicr complex wavefonms may
also be gensruted by using the memory in this way., We call this u
“look-up table” since the computer Idoks up cach value and outpuls
it to the /A converter.

Djo—_T
Dgo— 2| AT Y
Do 2
P — N\IJJ;I\(E\OTGAIO 12
OUTPUT TO

0s 5 CU”S’;EF:TEF‘ SCOPE
SV | 4708
o, 7 11
Dgo— & L

FIGURE 10

Experiment No, 6 GODE CONVERSION

Unfortunately, not all communtcation codes are the same. Radio
armatours and soine commercial communication systems use a five
bit binary code called Buudot. Most of the readily available characier
generators for use in graphic lerminals such as the TV typewriler use
the ASCIL code system. Let's assume thal we are recciving Baudot
code and we want 1o convert it to ASCI for use with the TV Type-
writer, We will input the five bits of Baudol code in parallel al input
port 1 and we will output the equivalent ASCII cede on output port
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0 for visaal check. Some of the cquivaleni Baudot and ASCII codes
are given below, We only need a few for this ilustration.

BAUDOT ASCH
A 030 303
B 023 302
C 016 303
D 022 304
E 020 305

As you can see,. ihere is nio easy correspondence between the two
codes, so the computer will kave to do some of the conversion for us.
Thete are two methods that could be used to convert the codes. The
first one would input the character and then compare it with all pos-
sible characiers and when a maich was found 11 would output the
correet code. This tvpe of approach takes a great deal of memory,
aboul 46 memory locations just to convert the five letters above, and
it is also slow since our comparisons mayv be at the bottom of the list
and all the other comparisons must be made first.

The second approach uses the lock up table method that we used
m Experiment No. 5 to store values in the memory. Since the
Baudot cede has only five bits, we will neglect shifts in this example,
we know that there are only 11 111, different characters with octal
values between 000 and 037. We will use the octal value of the
Baudot character as a memory address, thus using computer memory
addresses 000 to 037, Now each input character has its own memory
address thart is associated with it. We now insert in each of the
memory locations the ASCII equivalent of the Baudot character
which serves as the address. 1f we were to look as a section of
memory we would see:

Memory address Data
[ 14 303
020 305
0z1 332
022 304
023 302
030 am

Now we treat ezch input chatacter as f it were g me mory address.
We get the equivalent character out of memory and oulput it to out-
put porl & The following short program will do this:

000 0b& LOHI
Qo1 000

002 103 INF?1
G603 380 LDLA
co4 307 LDAM
] 121 QUTa
005 000 HALT

Now the conversion program requires 32 storage locations for the
lock-up tuble and only seven program steps to do the couversion.
We can convert all 32 characters with only 39 program steps. With
the compare-lype program it took more than that just to convert
five characters. Using the input port 1 {ines, try the above program
with either the flive Baudot code words listed or wriie your own
code.

The longer program with the compare instruciions is often called
a command decoder type program. [t is usetud to input a keyboard
character and porform soine action in many programs. The command
decoder decodes the key and jumps the progiam to a subroutine or
other program to perform some other action.

Experimént Ne. 7 DATA INPUT AND DATA DISPLAY

In some cxperiments we wish to take data with an instrument. an-
chmmeics, a volimeter or a thenmometer. But we wish to take the
data at a ratc which is faster than we can possibly write it down for
later use. Let us assumé that we have z digital voltmeler (iDVM) and
we are using it 1o measure voltage changes m an expeniment. We
would like to take 10 readings a second for 18 seconds. This is quite
a bit faster than we can possibly record the datz by hand, so we use
the Mark-8. We will assume that our DVM converts at the rate of 10
readings per sccond se an external fimer will not be needed.

The voltage changes will be signiticant enough 30 that we will be
able to use the most significant two and a half digits of the DVM for
data input to the Mark-8, Unfortunately, the 234 digits use nine
binary bits of information, four cach for the BCD digits and one for
the half digit which may be either a | or 2 0. The maximum count is,

14 RADIOELECTRONICS ®

however, 199 at the DVM which is less than the 256 possible states
for an B-bit binary word in the computer. If we ¢an convert the nine
BDC input lines to kinary we will save storage space, and the resulting
binary code will be compatible with cur D/A converter that will be
used to display the data on our scope.

To interface the DVM to the Mark-8 we make the connections as
shown in the following fisure. The nine data lines from the DVM go
to two input ports and the strebe line fiom the DVM, signalling the
end of a conversion, is used to interrupt the computer. The outputs
are the same as those used in the function generator experiment.

The program at the end of this experiment wilt controt the data
acquisiiion by the Mark-8. Since we want 10 readings per second for
1) seconds, 104 rcadings must be taken. At the end of this time, the
Mark-8 will jump to 2 display program to display the data as analog
veltages on the oscilloscope. Comments have been included in the
program to make the operation clear for the nser.

The data will mot be displayed until all 100 samples have heen
taken. Could vou madify the basic progran so that the data 1s con-
stantly displayed zs it enters the computer? Hints: 1) first clear out
the sicrage registers and 2) let the intermupt from the DVM vector to
the datz input and conversion program. Treat the display program
as the main operating program.

DVM Data Input and Display Program

Go0 058 BCDaIN,  LDHE finitialize H address pointer

Go1  ooa 000

G0z 066 LoLl MNnitialize L address painter

203 233 33

404 D46 LDE! Set up duta ward counter = 104
005 143 144 Ma4g = 1805

008 028  RESTAAT, LOCI JClear data storage accumulator
007 000 Qon

og 102 INPg Jinput the GYM half-digrt (MSD)
01t 074 CoMl iCompare MSD with O

012 (00 oD

Mz 150 JETZ 1 INPUT {Jump ona true O

14 022 022

15 02O 000

o1e 302 LDAC iNot =0, pragram jurps bere
017 004 ADDI iadd immediate 100,pto A
020 144 144

G213z LDCA iRestore data 1o ¢

022 03 INPUT, NP1 /lnput 2 ather digits

G623 310 LDEA iStorein B

024 044 ANDI dhdask out v, 317 to g=t LSD
az5 017 017

06 z02 ABDDC Aadd LSDreo ©

027 320 LoCA fSeare resulrin

030 3 LDAB iGet data back Trpm B

031 044 AN Mlask out v 360 to gat middle digi
032 360 260

033 1BD JFTZ  ETORE  /Middle gigit = Q, $torg binary data
D34 052 062

035 000 Goo

036 012 RART iDmra was =0, 4o rozie 4 times righy
37 012 RART fto shift it 1o the least significant
a0 012 RART joligit, positeon

oa1 912 RART

047 330 LDDA {%tgre retsred data in D

042 302 LDAC {Get C back 10 A

044 404  TENADD, AcDl iAdd 10 10 C for each digit in D
045 012 012 Mb3p=128

046 03 DECD iDerrease digits in Dby 1

07 110 JEFZ  TENADD /Dipits still left, 1oop thru sgain
050 Daa 044

as1 0O0 oo

052 372 STORE, LDOMC {load C 1o memory

053 060 INCL fIncrement memory address by 1
054 041 BECE {Decrement 100 goints counter by 1
055 150 JFTZ  DsFLA {I E = 0, display data

056 120 120

057 Q00 oog

060 00D HALT {Halt and wait for next OYM interrupt
@61 104 WPUN  RESTART /Restart data input after interrunt
Q62 00 008

06z 000 000

120 0568 DSPLA, LDHi fl.ezd B address painter

21 000 000

122 068 L10O0P, LDLI fLoad L address pointer

123 233 233

124 307 QUT, LDAM 7Get first Binarv dats word 1o A
128 127 ouT3 FOutput data to VA converter
126 060 » INCE finerement marhory address by 1
127 180 JPFZ LOOP /¥ L = 0, resnitialize

130 122 122

131 00O Q006

132 104 JPUM  QUT {1t L 2 0, output next dala word
133 124 124

134 00 GO

Experiment Mo. 8 COMPUTER GAMES

The Mark-8 Minicomputer may be programined to piay games
snce it.can rapidly make decisions based upon new input data, One
simple game thal can be played on the Mark-8 is  variaiion of the




old “take-away” type of game, Nim. Nim is played by specifying a
sel number of sticks to be used, toothpicks, pennies or any conven-
ient indicator may be used, the number being 22, 23 or 24. Once the
the number of sticks have been set down, players remove 1, 2, 3 or 4
sticks until only one is left. The player forced to tuke the last stick
is the loger,

The pragram given at the ead of this experiment will consistently
win at Nim. After loading the program into the computer, arrange
the number of sticks vou haye chosen and indicate to the computer
the number you will be playing with by using input lines Dy, Dy and
Dy, The number of sticks is entered as 23 = 2{013), 23 = 3 (011)
and 24 = 4 (100) where the bimary number is entered into the com-
puter, Be sure that all the other input lines have heen grounded.
Siart the game with a 005/[nterrupt and the computer will indicate
on the oulput port ¢ LED’s the number of sticks it will take away,
again in binary notation, Now load 300 on the switches in the switch
register and after you have entered your next move on the input
fines, depress Interrupt and the computer will indicate its next move.
Continue until only one stick is left,

This is a simple game type program that makes decisions based
upon the number you entered. Can vou find the two decisions in
the program? The computer assumes that you are an honest player.
Suppasc thal you restart the program and you cheat. What does the
computer do? It has not been programmed 1o detect a cheat in the
game. Could you add to the basic program to detcct a cheat and
hall the program?

Programs could also be written te play more complex games such
as Tic-Tac-Toe, but since mote decisions must be made, more
memory space would be required.

Nim Program

000 026 LDCI
001 004

002 103 INP1
003 Q24 sust
004 o

005 121 auTe
006 Q00 INFUT, HALT
aa7 103 INP1
a0 310 LOBA
Q11 006 LDAl
012 0nos

013 221 SUBB
014 121 CuUTy
01% 021 CECC
016 110 JPFC INPUT

o7 006
020 000
071 000 HALT Game ends here

Other applications of the Mark-8 minicomputer

We have seen in the experiments how the Murk-8 can input and
output data and how it can make decisions based upon input data
and stored data. Ln the text of the article we have also seen some of
the unique features available for the user to make using the Mark-8
easy and fun.

Asg you probably realize by now, there are many more applications
and experiments that could be done with the Mark-3. This sectior
will describe one application and will list some that you might be
interested in trying,

Let us develop a sophisticaled security systéem around the Mark-8.
We will assumc that we wish to protect 2 home or an apartment and
that we have three doors and four windows to meniter. We woukld
also like fo use the computer to turn some of the house lights on and
off in & sequence [o simulate to those cutsiders, the presence of
someone at home. We must aiso sound the alarm if power fails,

Seven switch closures, one for each door and windew are con-
nected 1o seven input lines on input port 1. The cighth line is con-
nected to a 1-Ha clock that is used by the compuler as a timer pulse,
Five cutput lines from output port 4 are connecicd to solid-state
1elays to turn house lights on and off according to the bits present
at the ouipul. We use a low-power electiromechanical relay on one
of the remaining output fines to actuate the alarm circuit which is
battery powesed, The computer monitors cach of the switches on a
continual basis and it also senses the I-Hz clock. After 18030 clock
pulses, or every ¥ hour, the computer outputs a preset patiern to
the solid-state rclays to change the lights that are on and also those
that are off,

The program to da this 15 ot very complicated and we could
nave simplified it by placing all the switch closures in parallel to the
computer, This would leave six open input lines that might be used
for a dgital keyboard input to make the computer alse act ke 4
digital combination lock.

Some other possible applications include:

1. Minicomputer-calcutator interface to allow complex functions
such as log, trig functions and roots to be programmned on regular
four-function calculators.

2. Completely antomated dark-room system. Control of times,
temperatures and solution valves,

3. Educational teaching unit for beginning programmers.

4. Laboratory experiment control and data acquisition system.

3, Model train controller and scheduler,

NOTES
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