
and the program reassembled. 

Lookup Table 
The lookup table contains 

one data byte per ASCII charac-
ter. Each byte contains the five-
bit Baudot character to be 
printed plus three control bits. 
As shown in Fig. 3, the least sig-
nificant bit in the byte is 1, if the 
character is one of the special 
Baudot characters that will be 
enclosed in parentheses. If the 
second bit in the byte is 1, the 

Baudot character will be shift-
ed to uppercase (FIGS). If the 
most signif icant bit in the byte 
is 1, a right parenthesis wil l be 
printed after the Baudot char-
acter. Several examples of typi-
cal characters are given in Fig. 3. 

Minor keyboard variations 
from one printer to another may 
require you to alter your lookup 
table. Machines in common use 
include those having Telex, 
TWX, Weather, Military Stan-
dard and International Alpha-

Upper- Telex TWX Military International 
Case # 2 

B ? 5/8 ? ? 
C WRU 
D WRU $ $ WRU 
F $ 1/4 ! NA 
H # NA STOP NA 
J BELL 1 • BELL 
K ( Vi ( ( 
L ) 3/t ) ) 
S * BELL BELL • 

Z " + 

Table 5. Differences in common Baudot character sets. 

1. Load tape prepared using instructions from Table 3. 
2. Note Stop Address. 
3. Change contents of five memory locations using Table 

below. 
4. Reenter Stop Address noted above. 
5. Put new tape in record cassette machine. 
6. Push "DUMP." 
7. You now have a tape containing a program, the Editor, 

for example, which has a new High Memory point (to pro-
tect the ASCII/Baudot Driver), a new Pad, and five chang-
es in the I/O Driver portion to provide jumps into the 
ASCII/Baudot Driver routines. Note that this has taken 
two load and dump procedures. 

Memory Address Was Change To Comments 

040365A 1110 0270 ENTRY LO 
040366A 0400 "BEGIN" HI* ENTRY HI 
041040A 3030 3150 CALL 
041041A 1170 0000 INIT LO 
041042A 0400 "BEGIN" HI* INIT HI 

*Use high byte of BEGIN EQU from Table 3. For example, if 
your H8 has 16K of RAM, you would use 1360 at memory 
locations 040366A and 041042A. 

Table 4. Modifying Heath I/O driver. 

bet #2 character sets. Stay 
away from Weather machines 
since their character set con-
tains many inapplicable upper-
case weather symbols. The dif-
ferences in the remaining four 
character sets are summarized 
in Table 5. 

The lookup table in this driver 
assumes that a Military Stan-
dard printer is used. The print-
er, a model 28KSR, has been 
modified to provide a # charac-
ter for uppercase H. It is par-
t icular ly easy to subst i tu te 
characters in the type basket of 
the model 28. Other characters 
that may be substi tuted include 
a * for uppercase H, and a + for 
uppercase G. Remember that 
the lookup tab le must be 
modified to reflect any changes 
that you may wish to make. 

CRT displays allow use of the , 
back-space func t ion (ASCII 
control H), while most printers 
do not. Since it is desirable to 

tell when a back space has oc-
curred, the character X is print-
ed each time you back space. If, 
during an edit, you made a mis-
take and back spaced to cor-
rect it, the following would be 
printed: 

M I S T O K E X X X A K E 

When listed a second time, the 
spelling would be correct. 

Al l ASCII characters not 
covered by normal and special 
equivalents in the table will 
cause a space character to be 
printed. Note that lowercase 
alphabetic characters are not 
included in the table, although 
they can be easily added at the 
end of the table if necessary. 
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SUPER HIGH DENSITY 
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TARBELL SETS STANDARDS 
For Hobbyists and Systems Developers 

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs. 

TARBELL 
CASSETTE INTERFACE 

• Plugs directly into your IMSAI or ALT A IR ' 

• Fastest transfer rate: 187 (standard) to 540 bytes/second 

• Extremely Reliable—Phase encoded (self-clocking) 

• 4 Extra Status Lines, 4 Extra Control Lines 

• 37-page manual included 

• Device Code Selectable by DIP-switch 

• Capable of Generating Kansas City tapes also 

• No modification required on audio cassette recorder 

• Complete kit $120, Assembled $175, Manual $4 

• Full 6 month warranty on kit and assembled units 

TARBELL FLOPPY DISC 
INTERFACE 
• Plugs directly into your 1MSA1 or 

ALTA1R * and handles up to 4 

standard single drives in daisy-

chain. 

• Operates at standard 250K bits 

per second on normal disc format 

capacity of 256K bytes. 

• Works with mod i f ied C P / M * 

Operating System and BASIC-E 

Compiler. 

• Hardware includes 4 extra 1C 

slots, built-in phantom bootstrap 

and on-board crystal clock. Uses 

W D 1771 LSI Chip. 

• Full 6-month warranty and exten-

sive documentation. 

• PRICE: 

Kit $190 Assembled $265 

CP/M with BASIC E C o m p a t i b l e D isc Drives 
and manuals: $100 Ask about our disc drives priced as low as $525. 

2 0 6 2 0 South Leapwood Avenue, Suite P 
Carson, California 90746 
(213) 538-4251 i n 

TARBELL 
PROTOTYPE 

BOARD 
Model 1010 

• Gold plated edge pins 

• Takes 33 14-pin ICs or 

• Mix 40-pin, 18-pin, 16-pin and 

14-pin ICs 

• Location for 5 volt regulator 

• Suitable for solder and wire wrap 

• ALTAIR/ IMSAI compatible 

Price: $28.00 

For fast, off the shelf delivery, all Tarbell Electronics products may be purchased from computer store dealers 

across the country. Or write Tarbell Electronics direct for complete information. 
' ALTA1R is a trademark/tradename of MITS. Inc 

C P / M is a trademark/tradename of Digital Research 



Michael Slater 
P.O. Box 1123 
Menlo Park CA 94025 

8080, Z-80 or 8085? 

A look into the relative merits of three Intel chips—you may find 
that you're happy right now. 

I like objective reviews of prod-
ucts. Michael Slater is a 
development engineer with 
Hewlett-Packard in Santa Clara 
CA (i.e., he isn't associated 
with Intel). He makes extensive 
use of Intel microprocessors in 
his work . . . and has some 
worthwhile comments and 
comparisons on their new 8085. 
See if you agree.—John. 

The 8085 is Intel 's latest 
ent ry in to the e ight -b i t 

microprocessor market. As an 
enhanced version of the 8080, 
the 8085 forms the basis of a 
microcomputer system that is 
both simpler and more power-
ful than the 8080. The introduc-
t ion of the 8085 has made the 
8080 obsolete and provided 

Photomicrograph of the 8085. 



some strong competi t ion for 
Zilog's Z-80. 

Some History 

Intel's 8080 microprocessor 
made the first hobbyist com-
puter possible, and has since 
become the standard of the in-
dustry. Though numerous other 
processors have taken over a 
significant share of the market, 
there is sti l l more hardware and 
software available for the 8080 
than any other processor. In 
order to make it easier for peo-
ple now using the 8080 to 
switch to a next-generation pro-
cessor, Intel and Zilog have 
both introduced new proces-
sors that can use, without mod-
ification, most programs writ-
ten for the 8080. 

Zilog's Z-80 was the first pro-
cessor to threaten the 8080's 
market dominance by including 
the entire 8080 instruction set 
as a subset of its own, much 
larger, instruct ion set. There-
fore, most programs written for 
the 8080 will also run on the 
Z-80. In addit ion, the Z-80's so-
ph i s t i ca ted i n s t r u c t i o n set 
makes it attractive for soft-
ware- intensive app l i ca t ions . 
Zilog also improved the 8080 
hardware by providing on-chip 
clock generation, single supply 
operation, a faster clock rate 
and other features. 

Now Intel has introduced a 
new processor, the 8085. which 
is also sof tware compat ib le 
with the 8080. Intel has taken a 
different approach than Zilog, 
however, by making only negli-
gible addit ions to the instruc-
tion set and placing emphasis 
on a simpli f ied hardware sys-
tem. Intel's goal was to simpli fy 
the entire system, including 
ROM and RAM. 

With the 8085 system, it is 
possible, using only three ICs, 
to build a system with 256 bytes 
of RAM, 2K bytes of EPROM or 
ROM, 39 bits of I/O, a program-
mable timer and four vectored 
priority interrupts. No other 
microprocessor can provide 
this much capabil i ty with only 
three chips. 

The 8085 System 

The three ICs that make this 
powerful system possible are 
the 8085 processor, the 8155 

I N T E R R U P T S 
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R0 PBO-PBT 
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PCQ-PCJ 

TIMER IN 

A 0 0 - A D t TIMER OUT 

G N D VCC 

Fig. 1. 8085 minimum system. The three-chip system consists of the 8085 processor, the 8755 
EPROM and I/O and the 8155 RAM, I/O and timer. The system bus is similar to the 8080 except that 
the low-order byte of address and the data bus are multiplexed together. 

RAM, timer and I/O, and the 
8755 PROM and I/O. Fig. 1 
shows the complete minimal 
system. All three ICs are con-
ta ined in 40-pin packages, 
which al lows the integration of 
other funct ions wi th the ROM 
and RAM chips. The system 
has two unique features: a 
mult iplexed address/data bus 

and two special chips that 
provide RAM, ROM, I/O and a 
t i m e r . 

Fig. 2 summarizes the main 
differences between the 8080, 
the 8085 and the Z-80. The 8085 
does not require a clock gener-
ator or system controller chip, 
as does the 8080. It provides 
three vectored interrupts with-

out any external hardware. 
Other features include a single 
5 V supply, serial I/O pins and a 
3 MHz clock speed. 

The 8085 CPU 

The ma jo r a r c h i t e c t u r a l 
change in the 8085 is the use of 
a mul t ip lexed address/data 
bus. The data and the lower half 

8080 8085 Z-80 

On-chip clock generator no yes yes* 

On-chip status latch no yes yes 

Vectored, priority interrupts without 
external hardware no yes;three no 

Nonmaskable interrupt no yes yes 

Single 5 V supply no yes yes 

Serial Input/Output on-chip no yes no 
Clock speed 2 MHz 3 MHz 2.5 MHz 

Special mult i funct ion support chips no yes no 
Mult iplexed bus no yes no 
Expanded instruct ion set — no yes 

Dynamic memory refresh no no yes 

'Osci l lator required 

Fig. 2. Comparison of the 8080, 8085 and Z-80. 
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Fig. 3. 8085 system timing. The trailing edge of ALE signals the rest 
of the system that the address/data bus contains a new address. 

of the address bus are multi-
plexed onto a single set of eight 
pins. At the beginning of each 
memory cycle, the low-order 
byte of address is placed on the 
address/data pins and a new 
control signal, Address Latch 
Enable (ALE), is generated to in-
dicate that a new address is 
present on the address/data 
lines. ALE c locks th is byte of 
address into a latch external to 
the processor. This latched ad-
dress is then fed to the rest of 
the system, and the processor 
can free the address/data lines 
to carry data. The bus t iming is 
shown in Fig. 3. 

Th is m u l t i p l e x e d bus re-
duces by eight the number of 
address and data bus lines re-
quired. Only one new signal 
(ALE) is added to accompl ish 
this, so the 8085 has seven 
more pins available for contro l 
signals. Two addi t ional pins 
were freed by the e l iminat ion of 
the + 12 V and - 5 V supplies. 
These nine free pins make pos-
sible many of the 8085's new 
features. 

The 8085 has four new inter-
rupts that give it a s imple and 
p o w e r f u l i n t e r r u p t s t r u c -
ture—three priority interrupts, 
and one unmaskable (top priori-
ty) interrupt. Each is control led 
directly by a single pin on the 
8085; no other hardware is re-
quired to make the interrupts 
priority or mask them, or to in-
sert an instruct ion on the data 
bus, as is required wi th the 
8080. 

The pins are cal led TRAP 
(nonmaskable) and RST 5.5, 
RST 6.5 and RST 7.5. Fig. 4 
shows the 8085's in terrupts 

and their jump addresses. A 
high level on the RST 5.5 pin, for 
example, wil l cause a jump to 
address 002C, provided that in-
terrupt has been enabled. 

In order to al low these inter-
r u p t s t o be i n d i v i d u a l l y 
masked, two new inst ruct ions 
were added. Set Interrupt Mask 
(SIM) selectively disables the 
interrupts. Read Interrupt Mask 
(RIM) al lows you to read the 
status of the interrupts. These 
two inst ruct ions are the only 
addi t ions to the 8080 instruc-
t ion set. 

The 8085 has pins for serial 
I/O to provide one input bit and 
one output bit w i thou t any 
peripheral hardware. The RIM 
and SIM inst ruct ions are also 
used to read and set the serial 
I/O pins. 

The 8085 provides all of the 
control s ignals direct ly at its 
pins. Wi th the 8080. an 8228 is 
required to latch the contro l 
s ignals off the data bus, on 
which they were mult ip lexed. 

The 8085 contro l bus is also 
organized di f ferent ly . The main 
contro l s ignals are RD, WR and 
IO/M. IO/M indicates whether 
the inst ruct ion is addressing an 
I/O port or memory. This saves 
one contro l line as compared to 
MEMRD, MEMWR, TURD and 
IOWR in the 8080. Both sets 
of s ignals conta in the same in-
fo rma t ion , and one can be 
generated from the other using 
a few gates. 

The 8085 has pins for Reset 
In, Reset Out, Ready, HOLD, 
HLDA, INTR and i F f A , wh ich 
funct ion ident ical ly to those on 
the 8080. There are two new 
status l ines (S1 and SO), wh ich 

indicate whether the current cy-
cle is an op-code fetch, a read 
or a wri te, or if the processor 
has been halted by a HALT in-
struct ion. The read and wri te 
s ta tus in format ion is not used 
to contro l bus transfers, but 
provides advanced t iming infor-
mat ion on the type of machine 
cycle in progress. In most sys-
tems th is in format ion is not 
used. 

The 8085's f inal hardware 
s impl i f i ca t ion is the addi t ion of 
a comple te c lock generator on 
the CPU chip. The only required 
clock components are a crystal 
or a resistor and capaci tor . This 
incorporates the funct ions of 
the 8224 w i th in the 8085, and 
completes the t rans i t ion f rom 
the three-chip CPU of the 8080 
to the 8085. a true one-chip CPU. 

Processor Speed 

As an a d d i t i o n a l pe r fo r -
mance improvement, the 8085's 
inst ruct ion execut ion rate is 
about 50 percent greater than 
the 8080's. The basic c lock fre-
quency is 3 MHz, as opposed to 
the 8080's 2 MHz. (The recently 
released 8085A-2 runs at 5 
MHz\) In addi t ion, there is a 
subt le increase in speed by 
clever handl ing of cond i t iona l 
jumps. The 8085 fetches the 
second byte of the inst ruct ion 
(the f i rst byte of the jump ad-
dress) whi le it is decid ing if the 
jump condi t ion is sat is f ied, and 

then skips the last byte of the 
inst ruct ion (the second byte of 
the address) if it doesn' t need 
to make the jump. The 8080 
always fetches all three bytes 
and wastes a machine cycle if 
the jump condi t ion is not satis-
fied. Thus, the 8085 executes 
an u n s a t i s f i e d c o n d i t i o n a l 
jump in approximately 30 per-
cent fewer c lock cycles than 
the 8080. 

There are two new versions 
of the 8085 now available. The 
8085 is being replaced by the 
8085A. wh ich is ident ical in 
most respects. The new A ver-
sion d i f fers only in the state of 
certain contro l s ignals dur ing 
speci f ic condi t ions, wh ich are 

Jump Address 

Interrupt (HEX ) 

RST 0 0 0 0 0 
RST 1 0 0 0 8 
RST 2 0 0 10 
RST 3 0 0 18 
RST 4 0 0 2 0 

•TRAP 0 0 2 4 
RST 5 0 0 2 8 

•RST 5.5 0 0 2 C 
RST 6 0 0 3 0 

•RST 6.5 0 0 3 4 
RST 7 0 0 3 8 

*RST 7.5 0 0 3 C 

A D o - A D , C 

Fig. 4. 8085 interrupts. The in-
terrupts marked with ' are new 
to the 8085, and each has its 
own interrupt request pin. The 
others are the same as the 8080 
interrupts and are initiated us-
ing INTR and TnTA. 

J " O R T 

} PORT C 

T I M E R T IMER GND 
CLOCK O U T 

Fig. 5. 8155 RAM, timer and I/O. Each of the three ports may be 
selected as input or output. Additionally, port C may be selected 
as a control/status port. The selection of port modes, as well as the 
control of the timer, is performed by writing the appropriate con-
trol word to the command register. 
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Fig. 6. 8755 EPROM and I/O. Each bit of the I/O ports may be in-
dividually selected as input or output via the two data direction 
registers. The 8355 is an identical part except that it contains a 
mask-programmed ROM. 

"don ' t ca res" for most users. 
The changes wi l l make the 
8085A easier to use in some 
l a r g e s y s t e m s . T h e n e w 
8085A-2 is the fastest general-
purpose, e igh t -b i t p rocessor 
now avai lable. 

The 8085 Memory 
and Interface Chips 

As shown in the previous 
section, the 8085 added many 
hardware features at the price 
of the added complex i ty of a 
mult ip lexed address/data bus. 
The penalty is not too high, 
however, s ince the bus can be 
de-mult ip lexed wi th a single 
eight-bit latch. And, in fact , In-
tel has turned the mul t ip lexed 
bus into a valuable feature by 
providing memory and periph-
eral ch ips wi th the address de-
mul t ip lex ing latch on the chip. 
Thus, the chips have only eight 
address/data pins and an ALE 
pin, instead of eight data and 
eight address pins. This saves 
seven pins on each chip, as well 
as seven bus l ines. 

The 8155 ch ip con ta ins a 
256-byte stat ic RAM, two eight-
bit I/O ports, a six-bit I/O port 
and a 14-bit p r o g r a m m a b l e 
counter/ t imer. The block dia-
gram is shown in Fig. 5. A com-
mand register in the 8155 deter-
mines the func t ion of the ports 
and contro ls the t imer. The two 
eight-bit I/O ports may each be 
specif ied as input or output 
ports. The six-bit port may oper-
ate as an input, output or con-
trol port. In the control-port 

mode, it provides a strobe input 
for either of the eight-bit ports 
to be used as latched input 
ports. It also provides a buffer 
ful l s ignal for each of the ports, 
ind icat ing that the port con-
ta ins new data that has not yet 
been read. 

The 8155 also conta ins a 14-
bit programmable t imer. It has 
several modes of opera t ion , 
but, basical ly , it wi l l count a 
s p e c i f i e d n u m b e r of c l o c k 
pulses and then generate an 
output pulse. The c lock may be 
the system clock or any other 
signal. Both the mode and the 
number of counts are under 
sof tware contro l via a com-
mand register, and the t imer 's 
s ta tus may be read f rom a 
s ta tus register on the chip. 

The th i rd ch ip in the system 
is the 8755, wh ich conta ins a 2K 
X 8 EPROM and two eight-bit 
I/O ports. The block d iagram ap-
pears in Fig. 6. The EPROM is 
s imi lar to a 2716; the two I/O 
ports are unique in that each 
l i n e m a y be i n d i v i d u a l l y 
speci f ied as input or output . 
Thus, you may have five input 
bi ts and eleven output bits, 
for example. The mode of each 
pin is set by sof tware, via two 
data d i rect ion registers on the 
c h i p . 

The 8355 is ident ical to the 
8755, except that it conta ins a 
mask-p rogrammed ROM. For 
app l icat ions where the same 
program is to be reproduced 
in cons iderab le vo lume, the 
8355 provides a cost-ef fect ive 

al ternat ive to the 8755. 

Applying the 8085 

The 8085 is a very easy micro-
processor to use. Using the ba-
sic three-chip system already 
discussed, the only addi t ional 
components required to make a 
comple te microcomputer sys-
tem are a crystal and power-up 
reset c ircui try. Peripherals are, 
of course, required, but they are 
independent of the part icular 
processor being used. 

Standard memory and pe-
ripheral ch ips may also be used 
wi th the 8085, but the address/ 
da ta bus must be de-mult i-
plexed. Fig. 7 shows the ad-
dress la tch to per form th is 
func t ion , in add i t i on to the 
gat ing to generate 8080-type 
contro l s ignals. ALE strobes 
the address into the latch (see 
t iming d iagram in Fig. 4). The 
latched outputs drive the lower 
half of the address bus. The 
data bus actual ly conta ins ad-
dress in format ion early in each 
memory cycle. This doesn ' t 
cause any problems because 
neither RD nor WR wil l be true 
at th is t ime, and all parts of the 
system should be ignoring the 
data bus. Once the bus has 
been de-mult ip lexed, any of the 
8080 fami ly components may 
be easily interfaced. 

The con t ro l s igna l ga t ing 
shown is s t ra ight forward. In 
pract ice, it wi l l usual ly not be 
necessary to use actual gates. 
If the memory chips have more 

than one ch ip enable input 
(many do), one can be used for 
IO/M and another for RD or WR 
(for RAMs) or jus t RD (for 
ROMs). When the 8155, 8355 or 
8755 are used, no gat ing of any 
k ind is needed; it is incor-
porated into the memory chip. 

An interest ing side note is 
that the signals have been ar-
ranged on the pins of the three 
chips to faci l i tate simple and 
dense PC layouts. A complete 
system consist ing of the three 
chips, crystal, pull-up resistor 
for the Ready line, and resistor, 
capaci tor , and diode for power-
up reset, f i ts on a circuit board 
measuring 3 1 / 4 x 4 5/8 inches. 
The layout for this board is pro-
vided in Intel 's 8085 Microcom-
puter Systems User's Manual. 

Current Products 

There are current ly at least 
two 8085-based products suit-
able for personal -comput ing 
app l i ca t i ons . Intel produces 
the SDK-85, which is a single-
board computer complete wi th 
keyboard (hexadec ima l and 
control) and a six-digit display. 
An 8355 ROM chip contains a 
moni tor program to allow enter-
ing of programs, viewing the 
contents of memory and nu-
merous other features. An 8155 
provides 256 bytes of RAM. All 
of the I/O l ines are available, 
and a large wire-wrap area is 
provided for expansion. A com-
plete kit (less power supply) is 
available f rom any of Intel 's dis-

Fig. 7. Interfacing the 8085 to an 8080-type bus. The latch de-
multiplexes the address/data bus. and the gates generate the 
usual bus control signals. 



t r ibutors for 250 dollars. 

The other p roduc t is the 
SPACE BYTE 8085 CPU. It is an 
S-100-compatible CPU board 
uti l izing the 8085 and 8155, wi th 
three 2708s, instead of the 
8755. The PROMs conta in a 
system monitor. Two RS-232C 
serial ports, along wi th parallel 
I/O, are provided. The bus is de-
mult iplexed, and S-100-compat-
ible control s ignals are gen-
erated. It is available f rom the 
Space Byte Corporat ion (and 
computer stores) for S499. 

The 8085 vs the Z-80 

Since the Z-80 and the 8085 
are the only 8080-compatible 
p r o c e s s o r s now a v a i l a b l e , 
many users wi l l be faced wi th 
the task of select ing one of the 
two. One thing is clear: There is 
no longer any reason to design 
a system using an 8080. 

From a sof tware viewpoint, 
the Z-80 is superior. It has a 
greatly expanded ins t ruc t ion 
set, and double the number of 
registers. There is some ques-
t ion, however, as to the value of 
this increased sof tware power. 

If you program in BASIC or 
other high-level languages, the 
Z-80's extra instruct ions wil l 
make no di f ference to you. If 
you have an interpreter opti-
mized for the Z-80, your BASIC 
might run faster than on an 
8085. The di f ference is likely to 
be insigni f icant to most users. 

One of the Z-80's features is 
special instruct ions for block 
move and block search. These 
instruct ions are useful when 
blocks of data are being pro-
cessed. It must not be as-
sumed, however, that these in-
st ruct ions speed up block-ori-
ented tasks. In fact, block-move 
and block-search subrout ines 
for the 8085 may run faster than 
the single instruct ions on the 
Z-80! The 4 MHz Z-80A is faster 
than the 8085 subrout ines, but 
the di f ference is not likely to be 
signi f icant. You would have to 
write and store these subrou-
tines, however, and that is the 
advantage of the Z-80's built- in 
instruct ions. 

In the realm of hardware, 
both processors have their ad-
vantages. The 8085's new inter-
rupts are much easier to use 

than any of those avai lable on 
the Z-80. The scheme is less 
f lexible than the Z-80's, but is 
more than adequate for the 
vast major i ty of app l icat ions 
and requires no external hard-
ware. For those few appl ica-
t ions that really do require a so-
phist icated interrupt structure, 
Intel 's 8259 interrupt control ler 
chip provides th is capabi l i ty . 
Another ease-of-use factor is 
the 8085's on-chip osci l la tor . 
The Z-80 requires an external 
c lock osci l la tor , whi le the 8085 
requires only a crystal . 

A big advantage of the 8085 
is the avai lable support chips. 
A m u c h s imp le r and more 
power fu l m in ima l sys tem is 
possib le w i th the 8155 and 
8755, as compared wi th the 
Z-80 system. Because of the 
mult ip lexed address/data bus, 
it would not be easy to use 
these chips w i th the Z-80 (or 
any other processor). 

The power of the 8085 sys-
tem is most apparent in dedi-
c a t e d c o n t r o l l e r s y s t e m s , 
where 256 bytes of RAM and 2K 
bytes of ROM are adequate. 
The 39 I/O l ines provided by the 
three-chip system are enough 
for most appl icat ions. For ap-
pl icat ions requir ing more mem-
ory, only one ch ip (an eight-bit 
latch such as the 8212) is re-
quired to inter face to standard 
memories. The inc lus ion of the 
8155, though con t r ibu t ing a 
re l a t i ve l y s m a l l a m o u n t of 
RAM, provides a counter/ t imer 
and 22 f lexible I/O lines wi th 
some associated contro l logic. 

The Z-80 also has its advan-
tages, but they are relatively 

minor. It does not mul t ip lex any 
pins, wh i ch saves one ch ip 
when inter fac ing to s tandard 
memories. This is of fset , how-
ever, by the lack of an on-chip 
clock osc i l la tor . 

A much-acc la imed Z-80 fea-
ture is the dynamic memory re-
f resh i nco rpo ra ted in to the 
CPU. It is not, however, w i thout 
its problems. The refresh ad-
dress is output dur ing each op-
code fe tch cycle. Therefore, the 
refresh rate is d i rect ly t ied to 
the ins t ruct ion execut ion rate, 
which may have serious conse-
quences. If the processor is 
single-stepped, either by slow-
ing the c lock or by using the 
Ready line, the refresh wi l l no 
longer work. Reset wi l l also halt 
the refresh, so if a manual reset 
push but ton is incorporated in 
the system, some form of one-
shot must be used to protect 
the memory f rom being wiped 
out by the reset but ton. Final ly, 
a lengthy DMA operat ion may 
precip i tate loss of the memory 
contents. 

A coup le of o ther po in ts 
about refresh are wor th men-
t ioning. The vast major i ty of 
systems use either stat ic mem-
or ies (where re f resh is not 
needed) or dynamic memory 
cards wi th bui l t- in refresh cir-
cuitry. Another cons iderat ion is 
that the Z-80 wi l l usual ly re-
fresh the memory at a much 
faster rate than necessary, re-
sul t ing in a higher power con-
sumpt ion for the memory. 

The choice of an 8085 or a 
Z-80 u l t imately must depend 
upon the appl icat ion. In a dedi-
cated contro l ler type of appli-

cat ion where the 8085 three-
ch ip system provides adequate 
resources, the 8085 is definitely 
the best choice. In a software-
in tens ive a p p l i c a t i o n where 
much assembly- language pro-
gramming is ant ic ipated, the 
Z-80 wou ld probably be a better 
choice. For the myr iad of appli-
cat ions that fal l between these 
two extremes, the advantages 
and disadvantages of each pro-
c e s s o r m u s t be c a r e f u l l y 
weighed. If the decis ion seems 
d i f f icu l t , perhaps you can take 
comfor t that either processor 
would probably do the job well. 

Future Products 

As may be expected, the bat-
t le between Intel and Zi log will 
not stop here. As Zi log is plan-
ning the Z-8 and Z-8000, Intel is 
working on the 8086 and 8088. 
The 8086 wi l l be a high-speed (8 
MHz clock) 16-bit processor to 
be in t roduced early in 1978. It 
has been reported that the 
8088, to be released some t ime 
later, wi l l be a 16-bit processor 
internal ly, but wi l l use an eight-
bit external data bus. Eventual-
ly, the 8088 may replace the 
8085 in many app l i ca t i ons . 
These next-generat ion proces-
sors wi l l Fetain basic sof tware 
compat ib i l i t y w i th the 8085 (via 
assembly- language t ranslat ion 
programs) and wil l also have a 
simi lar bus structure. 

The 8085 may never have the 
popular i ty enjoyed by its prede-
cessor, but i ts impact on the 
market wi l l def in i te ly be felt . It 
is especial ly cost ef fect ive in 
ded ica ted cont ro l le r appl ica-
t ions, but it is wor th close ex-
aminat ion by anyone designing 
a new s y s t e m . • 
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the Computer Store 
the store for the professional 

One Keyboard: 
Hex and ASCII 

Here's a simple converter circuit that allows 
a single keyboard to function two ways. 

Recently, when I upgraded 
my home-brew 1802-based 

system from a hex keyboard to 
a full ASCII keyboard, I was 
confronted w i th a problem. 
Once the operating system was 
loaded, the system could take 
the ASCII data and convert it to 
h e x a d e c i m a l m a c h i n e - l a n -
guage inst ruct ions via soft-
ware. But to load the operating 
s y s t e m I s t i l l n e e d e d a 
keyboard that produced hex 

directly. 
Insert ing th is simple two-

chip circuit between the ASCII 
keyboard and the input port 
solved the problem. The circuit 
takes ASCII data f rom the 
keyboard and conver ts the 
characters 0-9, A-F to their 
proper four-bit hex format. Now 
my one ASCII keyboard can 
funct ion sither as an ASCII or 
hex key oard, depending on 
system n quirements.H 

A S C I I DATA 
F R O M 
K E Y B O A R D 

HEX 
DATA 
OUT 

VISIT OUR 
NEWEST STORE 
the Computer Store 

130 Broadway, Route 1N 
Augustine's Plaza 
Saugus, MA 01906 

617-233-8140 

The Computer Store is pleased 
to feature off-the-shelf availa-
bmtyof Apple II, the 

personal computer. 
I ' T x 

Also Featuring: 
• Data General microNOVA line 
• C R O M E M C O 
• CENTRONICS 

OFF-THE-SHELF DELIVERY 

the Computer Store 
Ul - 7 4 8 6 QUAD E X C L U S I V E - O R GATE 
U2 - 7 4 0 0 QUAD NAND GATE 

1 2 0 C a m b r i d g e S t . 
B u r l i n g t o n M A 0 1 8 0 3 
6 1 7 - 2 7 2 - 8 7 7 0 

6 3 S. M a i n St . 
W indso r L o c k s CT 0 6 0 9 6 
2 0 3 - 6 2 7 - 0 1 8 8 C34 

Fig.1. ASCII-to-hex data converter. 



RCC'S 

T/ie To/a/ 
Com/) itfer * Sysfem 

S==ay With RCC's REX you don ' t need to buy CPU boards and memory boards and parallel I /O boards and video display boards, and motherboards 

and serial I /O boards and disk interface boards and cabinets and chassis and keyboards and s tu f f ! 

• ^ S t REX is the complete small computer , designed for the user w h o wants t o buy a system w i t h enough power t o run F O R T R A N . . . or Disk 

BASIC . . . or Z80 Assembler . 

T H E T O l A L 
1~ER SYST blVI 

The REX system costs $2495 Sure that 's more than a k i t , bu t look 

Z 8 0 A CPU (4 MHz) 0 -s tandard 

24K of R A M g s t a n d a r d / expandable to 64K right on the 
motherboard 

S-100 Bus g s t a n d a r d / up to 5 slots available in basic 
cabinet. . .expansion cabinet 
available soon 

Micro f loppy drive g o n e standard, one opt iona l / record on 
bo th sides of the disket te; 75K 
bytes per surface 

Bootstrap mon i to r g s t a n d a r d / in a 2708 PROM. No switches; 
no bu t tons 

Powerfai l , 60 Hz g s t a n d a r d 
timebase & 
vectored interrupts 

Black & wh i te video g-standard/ 128 character set, 24 l ine, 
interface 80 char / l ine, fu l l software 

video cont ro l 

DMA channels g s t a n d a r d / cont ro l lines on the bus 

Mic ro f loppy g s t a n d a r d / 8 b i t parallel I /O por t (opt ional) 
interface 

ASR-33 type g s t a n d a r d / opt ional typewr i te r keyboard 
keyboard w i t h numeric 10 key pad 

Walnut side-panel g s t a n d a r d 
cabinet 

15 A m p power g standard 
supply 

realistic controls corporation 

what y o u get! 

S S ^ Your REX system is shipped assembled, tested and burned- in. 
Y o u just add a video mon i t o r (or an RF modu la to r and your 
home T V ) and select one of our opt iona l sof tware packages 
($195) and y o u are comput ing ! 

f S S ; Account ing programs, analysis, games . . . no prob lem! Your 
basic REX system can handle them. Of course, we of fer expansion 
capabil i t ies t oo . Opt ions l ike: 
• Second m ic ro f l oppy dr ive S450 
• Programmable CRT character generator $100 
• 12 inch CRT mon i to r (green phosphor , matching REX 

wood-side cabinet) $215 
Q 8K x 8 R A M expansion $195 
• 16K x 8 R A M expansion S400 
• Serial I /O channel ( installed on ini t ia l order) $ 35 
• RF modula tor ( for connect ing REX to home T V ) . . . $ 35 
• Dot matr ix pr inter (120 cps,80/96 co lumn) $850 
• Expansion cabinet for pr in ter and two large 

f l oppy drives $145 

The software is super! Take your choice for $195! 
• ANSI F O R T R A N IV, Disk Operat ing System, File Management 

System, L ink ing Loader, Tex t Ed i to r , Ut i l i t ies & Diagnostics 
• Extended Disk BASIC, Disk Operat ing System, Text Edi tor & 

Diagnostics 
• Z80 Macro Assembler, Disk Operat ing System, Text Edi tor & 

Diagnostics 
See the REX system today at your local computer store. Or call 
RCC to l l free at (800) 553-1863. 

404 West 35th Street, Davenport, IA 52806 
Toll Free (800) 553-1863 In Iowa (319) 386-4400 



See the Rex 
at these dealers 

ARIZONA 
Tempe. . Computerworld. Inc. 

16021 944 6070 
Tempe Phoenix Group. Inc. 

16021 694 1129 

CALIFORNIA 
Escondido Business Enhancement Compuserve* 

(7141 741 6335 
Huntington Beach Cybernetics, Inc. 

1714) 848 1922 

Lawndale . . . Jade Computer Products 
12131 679 3313 

San Diego Byte Shop 
(7141 565-8008 

San Francisco. Computer Store of San Francisco 
14151 431-0604 

San Jose Bvte Shop II I 
14081 377-4685 

San Rafael Bvte Shop-Computer Store 
14151 467-9311 

Santa Clara Bvte Shop-Computer Store 
I408 I 249-4221 

Sherman Oaks. Peoples Computer Shop 
12131 789 7514 

Tarzana Tech-Mart 
(2131 3440153 

COLORADO 
Englewood Bvte Shop. Inc. 

(3031 761-6232 

IOWA 
Davenport Computer Store of Davenport 

1319) 386 3330 

KANSAS/MISSOURI 
Overland Park. Personal Computer Center. Inc. 

19131 649 5942 

M A R Y L A N D 
Baltimore Computer Workshop of Baltimore. Inc 

1301) 486 5350 
Rockville Computer Workshop. Inc. 

13011 468 0455 

MICHIGAN 
Roval Oak Computer Mart of Royal Oak 

(313) 576-0900 

MINNESOTA 
Minneapolis Computer Depot 

(6121 927 5601 

MISSOURI 
Parkville Computer Workshop of Kansas City. Inc. 

(816) 741-5056 

NEBRASKA 
Lincoln Microtech. Inc. 

14021 423 8404 
Omaha Computer Store 

14021 592 3590 

Computer Mart of New York 
(212) 686 7923 

Affordable Computers 
(419) 923 2821 

Bvte Shop 
1503) 644 2686 

Bvte Shop 
(503) 223 3496 

Computer Workshop of Pittsburgh, Inc. 
14121 327 0455 

TEXAS 
Dallas . . . . Computer Shops. Inc. 

(2141 234 3412 
Dallas Rondure Company 

(214) 630 4621 

Houston Interactive Computers 
(7131 772 5267 

San Antonio The Computer Shop 
(6121 828 0553 

San Antonio Computer Solutions 
(512) 828 1455 

V IRGINIA 
Springfield 

NEW YORK 
New York 

OHIO 
Lyons. 

OREGON 
Beaverton 

PENNSYLVANIA 
Pittsburgh 

Computer Workshop of Northern Virginia, Inc. 
(703) 321 9047 

WASHINGTON 
Bellevue 

WISCONSIN 
Janesville 

Byte Shop 
(2061 746 0651 

The Microcomputer Center 
(206) 455 3710 

Austin Computers 
16081 752-6002 

M realistic controls corporation 

Look To The Horizon."" 
The North Star 

HORIZON Computer. 

To begin programming in extended BASIC, merely add 
a CRT or hard-copy terminal. HORIZON-1 includes a 
Z80A processor, 16K RAM , minifloppy TM disk and 12-
slot S-100 motherboard with serial terminal interface—all 
standard equipment. 

And, Look To Computer Enterprises 
For The Lowest Prices & Fastest 
Delivery On North Star Horizon 

Computer System: 
Credit Cash 

Card Dfacount 

Price Price 

Horizon 1 System (one drive) kit . . . S1497 $1439 

Horizon 1 System (one drive) 

assembled $1777 $1709 

Horizon 2 System (two drives) kit . .$1871 $1799 

Horizon 2 System (two drives) 

assembled $2199 $2114 

ALSO: Run TDL Software O n Your 
Horizon. . . 

TDL Package A with Super Basic . . $ 228 $ 219 

For Your Serial Terminal: 
Lear Siegler ADM-3A (kit) $ 728 $ 700 

Lear Siegler ADM-3A (assembled) . $ 8 5 8 $ 825 

Call Or W r i t e Today 
For Computer Enterprises' 

FREE Spring Computer logue! 

IMSAI PCS-80/30 kit . .$1097 $1055 

IMSAI PCS-80/15 kit . . $ 748 $ 719 

IMSAI VIO-C kit . . $ 297 $ 286 

TDL ZPU Board (assembled) . .$ 183 $ 176 

TDL X ITAN A L P H A 1.5 kit . . $ 812 $ 781 

Seals 8k 250ns R A M (assembled) . . $ 203 $ 195 

Dynabyte 16k 250ns Static R A M 

(assembled) . . $ 577 $ 555 

Cromemco Z2D kit . .$1399 $1345 

Cromemco Bytesaver less Proms kit $ 136 $ 131 

Shipping charges: $10 per C P U on larger units; SI.SO per kit. S2.00 min. 

per order. 

Delivery is stock to 30 days on most items. Shipment is immediate for 

payment by cashier's check, money order or charge card. Allow 3 weeks 

for personal checks to clear. N .Y . State residents add approp. sales tax. 

Availability, prices and specs may change without notice. 

^ • ^ h ^ M f e ^ f e f l Opera t ing Hours 
G O V U P U W I M - W 10-5 E S T 

1 * T M T H - F 10-9 E S T 

e m e r p n / Q f C losed sat. & sun. 

P.O. Box 71 Fayet tev i l le , N.Y. 13066 

Phone (315) 637-6208 T o d a y ! 



Dan Dederick 
4104 Woodhollow Dr. 
Conroe TX 77301 

Is the Malibu Model 160 the 
Printer for Your Business System? 

At $200, this may not be a popular hobby printer, but for business, where a 132-column 
printer is a must, it's most interesting. 

was a lmost l ike adding a f ine 
piece of furniture). The clear 
p last ic cover over the print 
mechanism, wh ich almost com-
pletely seals the entire unit, 
c o n t r i b u t e s g r e a t l y t o w a r d 
noise reduct ion. There is, of 
course, a slot for the paper to 
come out of the top and enter 
f rom the bot tom, but the noise 
escaping f rom these two open-
ings is min imal and not objec-
t ionable. I am sure the sound-
p roo f i ng w i t h i n the cab ine t 
cont r ibutes a lot toward this 
end. 

I 've been us ing my disk-
based Imsai system for a lmost 
a year now and there have been 
several instances when I've had 
to go through the t rauma of 
adding ( interfacing) addi t ional 
d e v i c e s t h a t h a r d l y eve r 
wo rked —at f i r s t , a n y w a y -
even though the addi t ions were 
i n s t a l l e d by e x p e r i e n c e d 
t e c h n i c i a n s f r o m the s to re 
where I bought my system. 
A d d i n g the ha rdwa re com-
ponents of th is printer to my 
sys tem went smooth ly . The en-
t i re operat ion took no more 
than 15 minutes and s imply in-
volved removing the cover f rom 
the computer , p lugging in the 
S-100 inter face board, running 
a cable over to the printer, plug-
ging it in and turn ing everything 
on! (More on the sof tware inter-
face later.) 

Prior to the Mal ibu printer, I 
had been operat ing wi th an 
ASR-33 T e l e t y p e . The d i f -
ference in speed, print qual i ty 
and noise level between the 
two is so vast that I 'm only men-
t ion ing the Teletype as an after-

One of the most important 
pieces of peripheral equip-

ment for any business system 
is the printer. During my search 
for a suitable printer for my sys-
tem, I was con f ron ted wi th 
trade-offs and considerat ions, 
but two items remained at the 
top of the l i s t—dependab le 
operation and speed. I feel that 
I've obtained both through the 
purchase of a Mal ibu printer 
and would like to share wi th 
you some of the f ine points, 

and a few shor tcomings, of the 
unit. 

I am neither a technic ian nor 
an engineer; I am a business-
man. Even though I had some 
techn ica l ass i s t ance in the 
preparat ion of th is art icle, the 
bulk of the comments here re-
f lect my feel ings on how the 
unit cont r ibutes toward making 
my system the useful tool it is. 
John Craig suggested that I 
direct my remarks to other busi-
nessmen who might a lso be 

s h o p p i n g fo r a h a r d - c o p y 
device. 

General Overview 

As m e n t i o n e d ear l ier , de-
pendable operat ion and speed 
were two of the main considera-
t ions, but the added bonuses of 
qu ie t o p e r a t i o n and s t y l i ng 
were also realized w i th the Mal-
ibu unit. Photo 1 shows the styl-
ing, which, qui te f rankly, played 
a part in my dec is ion (moving 
that teak cabinet into my o f f i ce 

Photo 1. The Malibu Design Group Model 160 Printer: a good-looking unit. 
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thought. Comparing the de-
pendability of the two is dif-
ficult at this t ime since I've only 
been operating the Malibu for a 
few weeks. Due to the small 
number of moving parts, I'm 
confident the Malibu will come 
out shining in this area. 

Printing is done at an incredi-
ble 165 characters per second! 
(Memories of the Teletype sure-
ly fan my enthusiasm on this 
point.) Much of the speed re-
sults from the unique combina-
tion of hardware and software 
which allows printing in both 
directions and determines the 
shortest distance the printhead 
has to go to begin printing. This 
feature is called bidirectional 
printing. 

For example, if a line of 120 
characters has just f inished 
printing, and the next line to be 
printed is 80 characters long, a 
line feed wil l be init iated and 
the 80-character line wil l be 
printed backwards—whi le the 
printhead returns to the left-
most (home) posit ion. In many 
other printers a line feed and 
head return wi l l take place 
before the second line is print-
ed—result ing in a lot of wasted 
time. 

Photo 2. Different-sized paper and forms. A big plus for the Malibu. 

The print quality and charac-
ter set were two important con-
siderations in my choice of the 
Malibu. Several of the printers I 
looked over during the shop-
ping stage produced very light 
printouts in comparison. One 
of the reasons the Malibu pro-
vides such dark, high-contrast 
printing is due to the self-inking 
ribbon used. Another factor is 
the Hydra printhead (more on 
that later). 

One of the features I disliked 
most on other printers I looked 
at was the absence of descend-
ers (the " ta i l s " of certain lower-
case letters actually descend-
ing). The Malibu character set 
provides for these descenders 
—as all the others should. Fig. 
1 is a sample printout. 

I'm not particularly thri l led 
that the unit is a dot matrix, 
rather than impact printer, but 
my wallet is happier that I 
didn't go wi th the latter. 

I've asked several of my cus-
tomers what they think of the 
new invoices they have been 
ge t t i ng . Genera l l y , the re-
sponse is that, though they 
prefer not to get invoices at all, 
the new ones are quite an im-
provement over the old (gen-

erated by the Teletype). When I 
press them for an opinion on 
the ac tua l charac te rs —and 
how they are generated (with 
dots)—the usual response is, 
"Gosh, I hadn't noticed." So 
much for the shortcomings of 
dot-matrix print. 

Miscellaneous Considerations 

I dislike reading equipment 
reports that contain numerous 
dry specif ications. But there 
are several features of this 
printer that really should be 

mentioned. 
The maximum line length is 

132 characters, one of the con-
siderations that made me de-
cide on the printer. Several low-
cost printers provide 72-charac-
ter width, but I find that some 
monthly and quarterly reports 
practically demand the wider 
paper. Invoices are prepared on 
8V2- x 11-inch paper, and the 
mailing labels I generate for 
customer mailings are approx-
imately 4V j inches wide. The 
variable width tractors are a 

Photo 3. Inside the Malibu, the three main printed-circuit boards. 

• /@123456789 :; <->?»ABCDEFGH 1JKLMNOPQRSTUVWXVZC X ' abcdef 9hi jklmnopqrstuvwxyzOO-* 1 <>*+, -. 
/0123456783:; <«>?9ABCDEFGHI JKLMNOPQRSTUVWXVZCSabed*f ghi jklmnop<)rstuvuixyzCX>~* ! <>••, — / 
0123456789;; <=>?9ABCDEFGHIJKLMNOPQRSTUVWXVZCSabedefghi jklmnopqrstuwjxyz<50~* ! <>•+, -• /0 

"_'abcdefghi jklmnopqrstuwxyzCfc >"•* 0*+, -. /01 

• • • - - < ) =+:+ . —. / 0 1 2 3 4 5 6 7 8 9 : ; < = > ? @ f t B C D E F G H I J K L M N O P 
a. b c d e f 9 h 1 j k l m n o p q r-=: * uMUixysi-C 5-2 ! " < ~> * + —• 1 
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Fig. 1. Sample printout showing normal and expanded characters. Also note the lowercase characters with descenders. 
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d e f i n i t e asse t . Pho to 2 il-
lustrates this capabi l i ty. 

Al though I intend to have my 
computer serviced at a local 
store, it seems that I could al-
most make the repairs myself . 
That is, if I weren't afraid to 
take the cover off the unit and 
dig inside, and if I had spare 
printed-circuit boards. 

There are only three boards 
in the printer to control all the 
operat ions (see Photo 3). The 
first is the logic card that inter-
faces wi th the sof tware. (In-
cidental ly, all of the character 
generation is done in sof tware; 
therefore, the character set can 
be easily changed.) The second 
board controls the motor that 
feeds the paper and also con-
trols the movement of the print-
head. (Software makes the de-
cis ions regarding the di rect ion 
it should take for the fastest 
print t ime.) The th i rd board 
drives the solenoids on the 
printhead. 

There is a fourth interface 
board, which conta ins a Z-80 
microprocessor. This board is 
used for connect ing the printer 
to systems other than the S-100 
type and provides for two types 
of interfacing—RS-232 or 8-bit 
parallel (at speeds f rom 110 to 
9600 baud). My Imsai, qui te 
naturally, uses the S-100 inter-
face board. This board con-
tains the programs, in program-
m a b l e r e a d - o n l y m e m o r y 
(PROM), for generat ing the par-
t icular characters, handl ing the 
line of characters and tel l ing 
the paper-feed motor when and 

how far to advance. 
A thumb-wheel sw i tch in the 

lower left-hand corner of the 
printer a l lows the operator to 
select the number of spaces 
the paper wi l l be advanced 
every t ime there is a FORM 
FEED command. This is a com-
mand f rom the computer wh ich 
tel ls the printer to advance to 
the next form (e.g., the next in-
voice to be printed). The swi tch 
provides for set t ings f rom 1 l ine 
to 99 lines. 

Photo 4 shows the manual 
paper-control swi tches on the 
cover of the unit. When the 
FORM FEED s w i t c h in the 
lower r ight-hand corner is de-
pressed, the paper is advanced 
to the next page (the number of 
spaces is determined by the 
thumb-wheel switches). 

Using th is feature, the paper 
can be posi t ioned to a spot 
ca l led " t op -o f - f o rm" so that 
pr int ing wi l l begin in the same 
posi t ion for each page. The 
LINE FEEL swi tch wi l l cause 
the paper to be advanced one 
space for each depression. The 
other two swi tches provide for 
incremental up or down posi-
t ion ing of the paper. No big 
knobs to t u r n — j u s t push a 
button. 

There is a part icular feature 
about the r ibbon wh ich , al-
though it is smal l , ref lects the 
thought fu lness that went into 
the overall design of th is print-
er. The r ibbon is set up to 
traverse f rom one side to the 
other at an angle. The result is 
that the pr inthead is cont inual-

ly using all of the r ibbon, rather 
than just the top or bot tom. 
Since r ibbons are such a mess 
to change, I 'm relieved that this 

feature wi l l surely extend the 
life of the r ibbon. 

The Hydra pr inthead, shown 
in Photo 5, is, I've been told, one 

Glossary 
8-bit parallel interface: Transferr ing data f rom the computer 
to a device one character at a t ime, rather than sending each 
bit of the character at a slower serial rate. 
Bidirectional: The abi l i ty of a printer to print characters 
whi le the pr inthead is travel ing f rom left to r ight or f rom right 
to left . 
Baud: A data t ransmiss ion term related to the number of 
bi ts (Binary digiTS) t ransmi t ted in a second. 
Character set: The complement , list or table of characters a 
printer is capable of pr int ing. (With a di f ferent PROM the 
Mal ibu is capable of generat ing foreign- language character 
sets or other special ized appl icat ions.) 
Descenders: The " t a i l " on certain letters, such as the j, y, p, 
g and q. 
Dot matrix: The generat ion of characters by a matr ix of dots. 
Fol lowing is an example of how a capi ta l A is generated us-
ing a 5 x 7 matr ix : 

x 
x x 

x x 
xxxxx 
x x 
x x 
x x 

Each x represents a dot made by the pr inthead. Due to the 
c lose spac ing of the dots, the letters seem to run together 
into cont inuous l ines. 
Head return: The act ion of the pr inthead being returned to 
the home pos i t ion (i.e., at the extreme left, where each new 
line begins). The same as a carr iage return on a typewri ter. 
Impact printer: A printer that pr ints characters in the same 
manner as a typewri ter . 
Interface: The in terconnect ing of two devices (e.g., the com-
puter and the printer) so they can work together as part of a 
system. 
Line feed: The act ion of advancing the paper to the next line 
to be pr inted. 
Line length: The number of characters that can be pr inted on 
a l ine (132 wi th the Malibu). 
Patching: Modi fy ing the sof tware w i th minor changes so 
that the operat ion of a part icular device becomes an integral 
part of the system. 
Printhead: An assembly conta in ing seven solenoids activat-
ed by electr ical impulses to produce the dots that generate 
the pr inter 's characters. 
PROM (programmable read-only memory): A memory ele-
ment that cannot be modi f ied and can only be read. (All of 
the mechanica l movements and character generat ion func-
t ions are conta ined in PROM in the Mal ibu printer.) 
Routines: Program segments that are not part of the main 
program. 
RS-232: An in ter fac ing s tandard between computers and 
other devices that d ic ta tes the vol tage levels at wh ich data 
may be t ransmi t ted. 
S-100: The "s tandard 100" pin bus that or ig inated w i th the 
Mits Altair 8800 computer and has found widespread use in 
most mic rocomputer systems today. 
Thumb-wheel switch: A rotary-type swi tch providing for the 
select ion of a dig i t f rom 0 to 9. 
Tractors: The devices at each end of the paper that accept 
the perforated holes in the paper and use those holes for 
feeding the paper. 

Photo 4. The manual paper-control switches. 
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of the most rel iable and rugged 
available. Time wi l l be the real 
test of th is component , wh ich 
is the heart of the printer, but so 
far I've been impressed wi th the 
qual i ty of print it del ivers and 
its rugged const i tu t ion. Since 
the entire unit radiates qual i ty , 
I have no reason to doubt the 
c la ims made about the print-
head. 

Software Modifications 

When you add a device such 
as th is to your system there are 
actual ly two types of interfac-
ing to contend w i t h—the hard-
ware and the sof tware. 

Making the printer work wi th 
my exist ing so f tware involved 
modi fy ing the programs w i th 
patches so the pr intout wou ld 
be on the Mal ibu, rather than 
my Teletype. An exper ienced 
programmer took care of these 
mod i f i ca t i ons in a three- to-
four-hour period. He expla ined 
to me that the task cou ld have 
been very d i f f icu l t if I d id not 
have wel l-designed sof tware. 

Basical ly, the mod i f i ca t ions 
involved c h a n g i n g the pro-
grams (mak ing pa tches) so 
when pr int ing is desired, con-
trol is t ransferred to the rou-
tines in PROM (provided by Mal-
ibu) on the inter face board that 

handle charac ter genera t ion , 
l ine handl ing and paper-feed 
funct ions. 

Closing Thoughts 

The p r imary use for th is 
printer in my business (restau-
rant supply) is for generat ing 
month ly reports, customer bill-
ing, mai l ing labels and some 
accounts payable. It handles 
all of these jobs wi thout a hi tch. 
Because it is a dot matr ix print-
er I 'm not cer ta in that it would 
be as sat is factory if my require-
men ts i nc l uded large quan-
t i t ies of textual material . How-
ever, I in tend to try it w i th some 
c u s t o m e r b u l l e t i n s in t h e 
future. For such appl icat ions, 
an uppercase and lowercase 
impact printer may be a better 
choice. 

I don ' t normal ly si t down to 
wr i te reports on products I have 
bought , but I was very im-
pressed wi th th is printer. I 'm 
st i l l fasc inated wi th the speed 
of the unit and appreciate the 
qual i ty of the pr int. 

I enjoy the f iner th ings in l i fe; 
I drive a 27-year-old Cadi l lac, 
and the qual i ty bui l t into that 
car wil l very l ikely keep it on the 
road for another 27 years. I feel 
the same way about the qual i ty 
bui l t into the Mal ibu pr in ter .H 

Photo 5. The heart of the printer: a high-reliability Hydra printhead. 

The suggested list price for the Model 160 Line Printer is 
$1995 (which is very close to $2000). For further information, 
contact: Malibu Design Group, Inc., 21110 G Nordoff St., 
Chatsworth CA 91311, (213) 998-7694. 

The LFD-400 is ready to plug in and run 
the moment you receive it. 

Nothing else to buy! Not even extra memory! 
YOU GET: 
O The popular Shugart SA 400 minifloppy™ drive. Drive alignment 

is double checked by PerCom before shipment. 
0 The drive power supply—fully assembled and tested. 
Q LFD-400 Controller/Interface—plugs into the SS-50 bus • 

accommodates three 2708 EPROMs • fully assembled and tested. 
O MINIDOS™ —the remarkable LFD-400 disk operating system on 

a 2708 EPROM • plugs into the LFD-400 Controller card • no 
extra memory required • no "booting" needed. 

© Attractive meta! enclosure. 
O Interconnecting cable—fully assembled and tested. 
Q Two diskettes—one blank, the other containing numerous 

software routines including patches for SWTP 8K BASIC and the 
TSC Editor/Assembler. 

O 70-page instruction manual—includes operating instructions, 
schematics, service procedures, and the complete listing of 
MINIDOS™. 

© Technical Memo updates—helpful hints which supplement the 
manual instructions. 

® 90-day limited warranty. 
w Minifloppy is a trademark of Shugart Associates 

MINIDOS is a trademark of PERCOM Data Company. Inc. 

The LFD-400 is readily expanded to either two or three drives. 
Write for details. Send for our free brochure for more informa-
tion about the LFD-400 Floppy Disk System and LFD-400 
software. 

To save you money, the LFD-400 Floppy Disk System is available 
only from PerCom. Because of the special pricing, group and 
dealer discounts are not available. 

MC and VISA welcome. COD orders require 30% deposit plus 5% handling charge Allow three 
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available 
immediately Allow three weeks for testing and transportation Texas residents add 5% 
sales tax 

?mm 
PERCOM DATA COMPANY, INC. 

Dept K 318 BARNES-GARLAND, TX. 75042 
(214)272-3421 

PERCOM7" 'peripherals for personal computing' 



The Great 
Computer Conspiracy 

You've heard that some people are afraid of computers? Maybe they have good reason to be. 

Clint H. Woeltjen 
La Habra CA 

I guess it was bound t o 
happen sooner or later 

w i t h the o f f i ce c o m p u t e r 
having access t o b i l l i ng as wel l 
as a te lephone l i nk t o the lab 
compu te r , the new gigabyte 
memory and the new, un-
p r o v e n heur i s t i c -a lgo r i t hm 
operat ing system. We shou ld 
have guessed tha t i t was up t o 
someth ing when the aud i to r 's 
compu te r s tar ted f i n d i n g dis-
crepancies in our records. No 
mere human cou ld possibly 

h a v e c i r c u m v e n t e d t h e 
system. 

I t began one day last 
March. The c o m p u t e r o rdered 
several hund red more T T L 
ICs than we actua l ly needed 
fo r the pro jec t at hand. We 
cou ld f i n d no p rog ramming 
er ror , so assumed human 
error or a t e m p o r a r y hard-
ware m a l f u n c t i o n and wa i ted 
fo r i t t o show up again. Mean-
wh i le , the ex t ra ICs never 
made i t t o the lab. A mob i le 
man ipu la to r (we call t h e m 
robots fo r wan t of a bet ter 
te rm) had been sent t o ship-

p ing and receiving t o p ick 
t h e m up , b u t had re tu rned 
e m p t y handed. The p lan t is 
a lmost en t i re ly au tomated , 
requ i r ing on l y a f e w engineers 
and superv isory personnel . 

The shipping-and-receiv ing 
a d m i n i s t r a t o r remembered 
seeing the package earl ier, bu t 
d i d n ' t ac tua l ly see the r o b o t 
p ick i t up. Of course, y o u 
can ' t ques t ion one o f our 
r o b o t s ; t h e y have on l y 
enough m e m o r y fo r the task 
at hand, so they can ' t be 
expected t o remember previ-
ous jobs. Nor d i d we t h i n k of 

ques t ion ing the c o m p u t e r ; 
a f ter all, a c o m p u t e r on ly 
does w h a t i t 's p rog rammed to 
do (anyway , w h a t w o u l d a 
c o m p u t e r possibly w a n t w i t h 
a bunch o f ICs?). We deduced 
t ha t i t was employee t he f t , 
bu t no one w o u l d a d m i t to 
having done i t . We beefed up 
our secur i ty system (con-
t r o l l ed by the o f f i ce com-
pu te r ) , w h i c h caused employ-
ees' mora le t o d rop , wh i ch 
caused the i r e f f i c iency t o 
d rop , w h i c h caused us t o fal l 
beh ind o n several key con-
tracts, w h i c h caused us to 



Decome over loaded w i th 
work, which caused us to 
J i s c o n t i n u e the security 
iystem. 

A week later, we received 
i receipt for a megabyte 
nemory that no one could 
emember ordering, or paying 
or. We checked our records 
ind found the order, but it 
ladn't been init ialed prop-
r ly, so we cou ldn ' t tell who 
lad ordered it. Of course, 
hings like that aren't sup-
losed to happen. The of f ice 
omputer is supposed to 
heck for proper initials be-
ore pr in t ing the check and 
nailing the order. As we were 
iverworked at the t ime, how-
ver, no one not iced the com-
luter's error. This t ime, we 
an a thorough diagnostic 
irogram, but were unable to 
ind the bug. We d idn ' t 
ealize then how easy it was 
or a sophisticated computer 
o lie, its own program 
upplying all of the proper 
3sponses whi le the diagnostic 
;sted harmlessly in memory, 
is happened before, the 
legabyte of memory dis-
ppeared. 

Then the c i rcui t -board in-
Dector got in t rouble for not 
sking the computer to order 
ddit ional c i rcui t -board mate-
al. He claimed that there 
ad been two extra boxes of 
re-cut boards just yesterday; 
o we programmed a more 
xtensive security program, 
ic luding video input of the 
ntire lab area. This t ime, we 
i d n ' t l e t t h e employ-
es in on the upgraded secu-
t y plan, and to make sure 
hat no one might let it slip, I 
id all of the programming 
lyself . As usual, the entire 
ystem was contro l led com-
iletely by the of f ice com-
iuter. We used the of f ice 
omputer rather than the lab 
omputer because the men in 
he lab d idn ' t have access to 
he of f ice computer and 
ouldn ' t change the program 
F they found out . Of course, 
re d idn ' t know that the of-
ice computer and the lab 
omputer were friends and 
xchanged programs when-
ver they fel t l ike it. 

The next day, a consider-
able amount of microcom-
puter hardware was missing, 
including a video terminal, 
several UARTs and some 
o b s o l e t e Z - 8 0 m i c r o -
processors. We checked the 
v i d e o t a p e s b u t f o u n d 
nothing; the camera set up to 
record that part of the lab 
had been unplugged and the 
videotape erased. The night 
watchman claimed that he 
hadn' t seen anyone enter or 
leave the bui ld ing all night, 
but after all, he's only human 
and can' t be in t w o places at 
once. 

We were beginning to sus-
pect that the stolen material 
hadn' t lef t the bui lding. We 
also noted that all that was 
needed to bui ld a complete 
microcomputer out of the 
stolen material was a power 
supply. I instructed the lab 
computer t o bui ld such a 
supply, and lef t i t ou t on the 
lab bench before leaving for 
the night. That af ternoon, I 
also removed the cameras and 
deleted the security program. 
I had the lab administrator 
punch out fo r me, but I 
stayed behind in the lab. I h id 
w i t h i n view of the bench con-
ta in ing the power supply and 
waited. 

Shor t ly after the last em-
ployee checked out , I saw 
one of the robots roll across 
the f loor , remove the power 
supply and head toward the 
lab storage area. Meanwhile, 
another robot had moved 
some boxes and was removing 
a metal wall plate that was 
normal ly hidden by the re-
located equipment. In our 
earlier search we had noted 
the panel, but had assumed 
that it was an electrical main-
tenance panel and ignored it. 
I watched as the f irst robot 
arrived w i t h the power sup-
p ly , installed i t and turned it 
on. In the recess was a micro-
computer , complete w i t h a 
video terminal (which indi-
cates to me at least that the 
robot d idn ' t in tend to keep it 
a secret forever), and on the 
display was pr inted the mne-
monic " D A D D E . " 

I d i dn ' t have the heart to 
tu rn it o f f . • 

the Computer Store 
the store for the professional 
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CENTRONICS 
MICROPRINTER 

• Low Cost 
• Small Size 
• Quiet 
• 180 Lines/Minute 
• 5 x 8 Dot Matrix 
• Elongated Characters 
• Parallel Interface (PI) 
• Serial Interface (SI) 

AVAILABLE: OFF-THE-SHELF 
PERFECT FOR THE APPLE II COMPUTER 

Also Featuring: 
• Data General microNOVA line 
• C R O M E M C O 
• APPLE 
• W A N G 
• COMPUCOLOR 

OFF-THE-SHELF DELIVERY 
N e w O p e n i n g : 130 Broadway, Rt 1N 

Augustine's Plaza 
Saugus, Ma 01906 

— 617-233-8140 
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2 0 3 - 6 2 7 - 0 1 8 8 

C34 



Meet The North Star Family 
THE N O R T H STAR S-100 F A M I L Y — f o u r h igh per fo rm-
ance products at attractive low prices. Our boards are 
designed for use in the Nor th Star H O R I Z O N compute r 
and other S-100 bus computers using 8080 or Z80 proces-
sors. Visit your compute r store for a demonst ra t ion , or 
wr i te for our free co lor catalog. 

16K R A M B O A R D 
No other S-100 bus memory can match the per formance 
of the Nor th Star 16K RAM at any price. This l o w - p o w e r 
board has been designed to w o r k at fu l l speed (no wa i t 
states), even at 4MHz w i th bo th Z80 and 8080 systems. 
Memory refresh is invisible to the processor, bank swi tch-
ing is prov ided and addressabi l i ty is swi tch selectable in 
two 8K sections. Best of all, a pari ty check o p t i o n is avail-
able. Kit: $399. Assembled: S459. Parity O p t i o n — ki t : 
$39. Assembled: $59. 

M I C R O DISK SYSTEM 
The Nor th Star MDS is a comp le te f loppy disk system w i t h 
all hardware and software needed to add f l oppy disk 
memory and a power fu l disk BASIC to S-100 bus com-
puters. The Nor th Star MDS is w ide l y cons idered one of 
the best designed and most comp le te S-100 bus products 

available. The MDS includes the S-100 interface board 
w i t h on -boa rd PROM for system startup, Shugart m in i -
f loppy disk dr ive, cab l ing and connectors, and DOS and 
BASIC sof tware on diskette. Kit: $699. Assembled: $799. 
Add i t i ona l dr ive — Kit: $400. Assembled: $450. Single 
Dr ive Cabinet : $39. Op t i ona l Power Supply: $39. 

Z 8 0 A PROCESSOR B O A R D 

The Nor th Star ZPB brings the fu l l speed, 4 M H z Z80A 
microprocessor to the S-100 bus. Execution is more than 
tw ice the speed of an 8080, and the ZPB operates in sys-
tems bo th w i t h and w i t h o u t f ront panels. The ZPB in-
cludes vectored interrupts, a u t o - j u m p startup, and space 
for 1K of on -boa rd EPROM. Kit: $199. Assembled: $259. 
EPROM O p t i o n — kit : $49. Assembled: $69. 

H A R D W A R E F L O A T I N G P O I N T B O A R D 
If you d o number c runch ing, then this board is for you. 
The FPB per forms h igh-speed f loa t ing po in t add, subtract, 
mu l t i p l y and d iv ide w i t h selectable precision up to 14 
dec imal digi ts. A r i t hmet i c is up to 50 t imes faster than 
8080 software, and BASIC programs can execute up to 
10 t imes faster. A version of Nor th Star BASIC is inc luded. 
Kit: $259. Assembled: $359. Prices subject to change. 

NORTH STAR * COMPUTERS 
2547 Ninth Street • Berkeley, Cal i forn ia 94710 • (415) 549-0858 



Personal Computer Shows 
A visitor to the San Jose show suggests that organizers and exhibitors bring showman-
ship and general appeal to future computer shows. 

Paul J. Terrell 

Paul J. Terrell 
BYTE, Inc. 
1261 Birch wood Dr. 
Sunnyvale CA 94086 

We're growing up as an in-
dus t ry . That was the 

undertone of the recently held 
second annual West Coast 
Computer Faire. Having been 
an observer and participant for 
the past two years at computer 
faires, shows, swap meets, 
etc., I noticed that something 
was obviously different in San 
Jose. The throngs of people 
were there, and I judged from 
conversations with manufac-
turers that the sales level of 
products was just as brisk, but 
something was different. But 
what? 

Electricity . . . it was in the 
walls, feeding the computer 
displays, but it wasn't in the air. 
The exc i tement and ant ic i -
pation of new products from 
major manufacturers was miss-
ing. Radio Shack, Heathkit, and 
Commodore had long since 
made their debut. IBM dis-
played the 1510 computer, but 
at $18,000, no one was beating 
a path to their door. 

Electricity is also generated 
by clever new inventions, but 
they were in short supply at the 
Faire. Lots of "me too" prod-
ucts were on display . . . what-
ever happened to our creativ-
ity? Dynabyte put robots on dis-
play and di l i th ium Press re-
leased its new pub l ica t ion , 
Robots on Our Doorstep, but 
both only hinted at what 's to 
come. That leads me to the real 
message in this article: the 
maturat ion of our market. 

If our industry trade shows 
are intended for the insiders— 
the retailers, computer jocks 

and technical ly el i te—to share 
innovations in product design 
and make purchases for the 
next quarter- or half-year sales, 
then we owe it to the general 
public not to invite them. 

If our shows are intended for 
the general public to increase 
their awareness of personal 
computing, then we owe it to 
our indus t ry to give some 
thought to the educat iona l 
aspects of the displays we ex-
hibit and, in general, to the 
whole theme of the show. 

Electricity was taken out of 
the air by a confused and be-
wildered public audience that 
couldn't get close enough to 
the displays they would have 
enjoyed if they had been told 
what they were seeing. It's a bit 
confusing to pass from the IBM 
booth wi th $18,000 computers 
to the Jade booth wi th $2 con-
nectors and try to understand 
the relationship. 

At the San Francisco Boat 
Show a person can spend $3 for 
an afternoon of entertainment 
and education in one of Amer-

ica's favorite pastimes. Isn't 
that what we want of our in-
dustry? 

At the Consumer Electronics 
Show the public isn't invited 
and the guests are grouped ac-
cording to their buying power 
by brightly colored badges that 
d is t ingu ish the t i re k ickers 
from the chain-store buyers. 

We had all the elements at 
the Computer Faire for a most 
e n j o y a b l e t i m e — t e c h n i c a l 
seminars for education, con-
tests of computer chess for en-
tertainment and display of new 
products to ponder and pur-
chase—but someth ing was 
missing. It's the same thing 
that is missing in most comput-
er stores today: a guided tour 
. . . a menu . . . a f lowchart. We 
need to display in the most ob-
vious ways if we are going to 
bring our secrets of high tech-
nology to the public. 

As our market matures from 
the technical activist to the 
consumer, so should our show-
manship. Let's invite everyone 
to exper ience the personal-

computer evolution in a format 
understandable to all. Let's 
bring back "The Greatest Show 
on Earth" in the form of "Com-
puter Expo." 

Let's not forget the obvious 
help available from the product 
we display. Business Week 
called them "smart machines"; 
seems to me they shou ld 
d isp lay , en te r ta in and sel l 
themselves. " Isn ' t that right, 
HAL?" (HAL is the computer 
renegade that took over the 
spaceship and plotted the de-
struction of its master in the 
movie 2001: A Space Odyssey.) 

While push went to shove on 
the exhibit floor of Computer 
Faire, plans for a U.S. Personal 
Computer Show were being 
presented in a dimly lit suite at 
the Holiday Inn. The significant 
point was the format of manu-
factures being grouped in in-
dustry segments (hobby, home 
entertainment, small business, 
education and industrial). The 
product p resenta t ions were 
more an education on comput-
ers in the home, business, in-
dustry, etc., than attr ibutes of 
one machine versus the next. 
Contests and interact ion of 
man and machine were most 
obvious in the home-entertain-
ment area. Retailers were in 
s toref ronts and classes on 
computer appl icat ions were 
fi l led with the naive. 

With an organized and con-
certed effort we could bring 
this "Computer Expo" of the 
future to Main Street, U.S.A., to-
day. Let's get the organizers 
and showmen of personal com-
puting together. In combina-
tion, their resources would give 
you and me "The Greatest 
Show on Earth" in the 1970s. • 



Cross-Country Balloon Trip 
Take flight with this very entertaining game for you and your SR-52. 

Mac Oglesby 
RFD 3 
Putney VT 05346 000 LBL E In i t ia l izat ion 

002 CMs x _ Clear registers R 0 0 th ru R 1 9 

003 — R C L 99 = x 2 v y 7 = STO 99 Process i npu t and store for " seed " 

015 1001 HLT Display 1001 and wait 

020 LBL A Each press of A brings a new day . . . 

022 R C L 99 — .2 = Using subrout ine 1' , f ind direct ion 

029 if pos 9 ' w ind b lows toward . Easterly is 

031 12 SBR 1' G T O 2 ' heavily favored. 

037 L B L 9' 

039 4 5 - 3 SBR 1* Subrout ine 1 ' was adapted from Peter 

045 if pos 2 ' Stark's pseudo r andom number 

047 + 360 = generator in " S U B M A R I N E " 

052 L B L 2' ( K I L O B A U D Feb 1977 p. 70) 

054 STO 01 Store d irect ion in R 0 1 ( 0 ) 

057 1 S U M 19 C o u n t days ( increment R 1 9 ) 

061 SBR 1' STO 00 F ind w ind velocity (0 to 30) and store 

066 -r 100 + R C L 01 = Fix 2 Display wind direct ion and velocity 

077 I N V st fig 0 HLT Author ize a launch and wait 

081 LBL B Press B to launch the ba l loon 

083 if fig 0 3' Error if launch no t a l lowed 

086 fix 0 D .MS S T O 04 R o u n d inpu t to nearest integer and store 

092 — 1 = X ( R C L +/- +19) = Check size of rounded i npu t . Error if 

104 I N V if pos 3' less than 1 or greater than 20 

107 R C L 04 PR O D 00 Distance travelled (r) is now in R00 

113 R C L 01 P/R D . M S S U M 03 Convert to rect. coords. Store y in R 0 3 

121 R C L 00 D .MS SUM 02 

--V7 
Store x in R 0 2 

128 ( R C L 02 — 1001 ) x 2 + R C L 03 x 2 --V7 Compu t e distance f rom goal 

146 — 15 = Closer than 15? 

150 if pos 4' I f n o , con t i nue the game 

152 R C L 19 A ' HLT Game over! Flash number o f days 

157 L B L 4' Game cont inues 

159 + 15 = Repair distance to goal 

163 st fig 0 HLT Revoke launch permi t and wait 

166 L B L 3' Error section 

168 INV fix 1 -r 3 = A ' HLT Flash . 3333333333 

176 L B L 1' Subrout ine 1" 

178 X 30 X ((7 y x 9 X R C L 99 X .00001) — ( R C L — .5) 

206 fix 0 D .MS ) STO 99 = D .MS rtn 

Note: Angular mode switch must be set at " D " 

Program listing. 



Your balloon starts 1001 
miles (use kilometers if 

you wish) due west f rom 
your goal. Each day you are 
given the wind direction and 
velocity and decide whether 
or not to launch. If you 
choose to launch, you decide 
how long to stay aloft ( from 
1 t o 20 hours). The game 
ends if you land closer than 
15 miles f rom the goal. The 
number of days is flashed. 

Y o u wil l need paper, 
pencil, protractor and ruler. 
Using any appropriate scale, 
locate the goal 1001 miles 
due east f rom the start. The 
program uses the convention 
for directions that is shown in 
Fig. 1. 

1. To begin a game, load 
the program and enter any 
number (6 digits or so). 

2. Press E. The display 
wil l show 1001, your distance 
from the goal. 

3. Press A. The display 
shows the direction in which 
the wind is blowing and its 
v e l o c i t y . The format is 
ddd.vv. Note: the wind blows 
mostly in an easterly direc-
t ion. In fact, 85% of the wind 
direction wi l l be between 315 
and 45 (SE to NE). Of 
course, any game may differ 
f rom these expectations. 

135 5% 45 

5% 85% 

225 5% 315 

4. Make launch decision. 
If no, go to step # 3 for next 
day's wind. If yes, enter a 
whole number f rom 1 to 20 
and press B. Your balloon 
wil l travel that many hours. 
The display shows how far 
f rom the goal you landed. 
Plot your t r ip carefully. Go 
to step #3. 

5. If you land closer than 
15 miles f rom the goal, the 
display flashes the number of 
days. Press CE to stop the 
flashing. Go to step #2 for a 
n e w g a m e . F l a s h i n g 
.3333333333 indicates an 
error (like if you specify a 22 
hour f l ight). Press CE and try 
again. • 

90 North 

!

_ r- (In terms of rectangular coordinates, you start at 
0 (360) East 0 0 . t h e g ^ , i s a t o.) 

270 South 

Fig. 1. Conventional compass directions are used to form game board. 

Enter Press Display 

( R 9 9 = 0) 1977 E 1001 ( R 9 9 = 
A 354 .12 

20 B 762 
A 347 .13 

20 B 516 
A 337.28 
A 327.20 
A 333.18 
A 7 .18 

20 B 157 
A 318 .24 
A 42 .10 
A 6.27 

4 B 53 
A 342.09 
A 349.28 
A 352.14 

A 18.15 
A 36.04 

13 B Flashing 14 Y o u arrived wi th in the goal circle in 14 days. 
Final locat ion was (998.3) . 

Enter Press Display 

( R 9 9 = 0) 354 E 1001 ( R 9 9 = 0) 
A 352.23 

20 B 549 
A 36.19 

20 B 286 
A 326.06 

20 B 167 

A A 205 .12 
A 2.18 
A 23 .07 
A 10.01 
A 269 .16 

A 325.11 

15 B Flashing 9 
Reached the goal in 9 days. 
Final locat ion: (-997, — 3). 

Enter Press Display 

( R 9 9 = 0) 408 E 1001 
A 320.14 

20 B 807 
A 353.01 
A 180.05 
A 270.21 
A 39.03 
A 8.09 

20 B 628 
A 40 .14 

20 B 396 
A 315 .16 

18 B 262 
A 349 .17 
A 40 .15 

10 B 113 
A 348.11 
A 338 .17 
A 343.02 
A 306.26 
A 25 .05 
A 134.10 

12 B 159 
B . 3333333333 Flashing. Press CE 
A 357 .00 
A 335.17 

5 B 88 
A 333.21 
A 340.21 
A 9 .25 
A 327 .26 
A 330.14 
A 322.09 
A 25.07 

13 B Flashing 25 

Reached the goal in 25 days. 
F ina l locat ion: ( 1 0 0 1 , 5 ) 

Sample runs. 



TELETYPE" MODEL 33 ASR 

COMPUTER I/O COMPLETE WITH: 

• Tape Punch • Read* lo Co 

• Tape Header • l ine/Loral Wired 

• Guaranteed 30 Days 

V 

$84© oo 

I N C L U D I N G P A C K I N G 

F O B. N.J . F A C T O R Y 

COMPLETE COVER HEADY TO INSTALL 
COPY HOLDER H82036i 
TAPE UNWINDER 112" NEWI 
WIND UP PAPER TAPE WINDER 11-1 
ELECTRIC PAPER WINDER ILPW 300 NEWI 
DEC TYPE READER RUNCARD 
ACOUSTIC COUPLER 

OMNITEK 501A I NEWI . 
REAOER POWER PACK (1B2134I . 
EIA RS 232 INTERFACE 
ACOUSTIC COVERS with FAN (NEWI 

S 35 00 
S 14 00 
S 56.00 
> 52.00 
S 50.00 
S 45 00 

siao.oo 
> 35 00 
S 55.00 
S25&00 

CIS 

If i u (or TELETYPE* Wr Hate ll. 

IF toil don't »h«t toil nerd. CALL or WRITE! 

T E L E T Y P E W R I T E R COMMUNICATIONS S P E C I A L I S T S 
550 Sprmglield Awnue • B t f k t l f y H t i f h t t . N. J. 07922 J13 

(2011464-5310 • TWX 710 9863016 • TELEX 13 6479 

SUBSIDIARY OF VAN'S W2DLT ELECTRONICS. 

Here's how the Gomputer 
Workshop works for you. 
Our clients get the whole t h i n g -
total systems engineering. We can 
help you with evaluation and devel-
opment of requirements for data 
processing and associated hard-
ware, or give you management 
assistance in developing systems. 
We'll develop and design computer 
systems, and we'll design, organize 
and manage special training pro-
grams for your staff. 
Here's where to f ind US: Offices: BALTIMORE 4005 Seven Mile Lane, Baltimore. Md 21208 (301) 486-5350/PITTSBURGH Robar 
Building, 4170 Wm. Penn Highway, Murravsville, Pa 15660 (412) 327-0455/WASHINGT0N, D C. AREA 1776 Plaza 1776 E Jefferson Street 
RockvilTe Md 20852 (301) 468-0455/N6RTHERN VIRGINIA 5240 Port Royal Road. Suite 203, Springfield. Va 22151 (703)321-9047/ 
KANSAS CITY 6 East Street. Parkville. Mo 64152 (816) 741-5055 

So even if your needs are minimal 
right now, we can be a big help. 
Then as your needs grow, you'll 
know where to come. 

Ihe Computer Workshop 
Here are some of the f i rms we represent: 
Alpha Microsystems Nor th Star Computers 
Cromemco Polymorphic Systems 
Digital Systems Seals Electronics 
Gimix, Inc. Smoke Signal Broadcasting 
Icom Southwest Technical Products Corp. 
Industrial Micro Systems Technical Design Labs 
International Data Systems, Inc. Vector Graphics 
Lear Seigler 
Microcomputer Business Systems he 
Micro Term, Inc. 



Model BW520 

BATTERY 
WIRE-

WRAPPING 
TOOL 

ONLY $108.70 
BATTERIES INCLUDED 

BIT & SLEEVE NOT 
INCLUDED 

INDUSTRIAL" 
WIRE WRAPPING TOOL 
Model BW 520 is a battery operated wire-wrapping 
tool, also available in reversible models for wrapping 
and unwrapping operations. The rechargeable nickel 
cadmium battery is self contained in the handle of 
the tool. Also available with "Backforce" device to 
prevent overwrapping. 
Uses any 24AWG thru 32AWG wrapping bits and 
sleeves. 

m 
OK MACHINE & TOOL CORPORATION 

3455 Conner St Bronx. N Y 10475/ (212) 994-6600 / Telex 125091 

Model BW928 NEW 

BATTERY 
WIRE- V 

WRAPPING 
TOOL 
S J L Q 95 

ONLY rn 

INSTALLATION AND FIELD SERVICE' 
WIRE WRAPPING TOOL 
Model BW 928 is a battery operated wire wrapping 
tool, also available in reversible models for wrapping 
and unwrapping operations. Exceptionally useful for 
installation and field service work, or small produc-
tion jobs. Available with "Backforce" device to pre-
vent overwrapping. 
Uses any 24AWG thru 32AWG wrapping bits and 
sleeves. 

BATTERIES NOT 
INCLUDED 

BIT & SLEEVE NOT 
INCLUDED 

i 

OK MACHINE & TOOL CORPORATION 
3455 Conner St Bronx N Y 10475 / (212) 994-6600 / Telex 125091 

0 5 

HOBBY" 
WIRE WRAPPING TOOL 
For AWG 30 , .025" ( 0 . 6 3 m m ) sq. 
post, " M O D I F I E D " wrap, posi t ive 
indexing, ant i -overwrapp ing device. 

OK MACHINE & TOOL CORPORATION 
3455 Conner St Bronx N Y 10475 / (212) 994-6600 / Telex 125091 

NEW Model BW630 

BATTERY > 
WIRE- | 

WRAPPING 
TOOL 

OKU $ 34.95 
BATTERIES NOT 

INCLUDED 
COMPLETE WITH 

BIT & SLEEVE 



Transfer Vectors 
vs 

Absolute Addressing 

You can save memory by reusing program modules and algorithms. 

William Nichparenko 
Sunick Systems 
185 Summit Dr. 
Santa Cruz CA 95060 

Those of you involved in 
heavy assembly language pro-
gramming will find Bill's 
article very worthwhile. He's 

discussing the technique of 
using transfer vectors which, 
incidentally, was the subject 
of an article by Art Childs in 
Issue #1 of Ki lobaud. Art 
discussed the use of the 

transfer vector with regard to 
accessing I/O routines . . . 
Bill's approach deals with 
using the transfer vector as 
opposed to absolute ad-
dressing. — John. 

If you are not for tunate 
enough to have a sophisti-

cated operating system, but 
would l ike to have some 
modular software that you 
can use w i t h ease, the fol low-

Machine Language 

En try -

Hex 
Locat ion 

6F7 
6FA 
6 F D 

-700 
X 
X 

721 
X 
X 
7 FA 
802 
8A0 

Operat ion 
Code 

7E 0802 
7E 0 7 F A 
7E 0721 
CE E000 
X X X 
X X X 
7D 0 1 F F 

86 I F 
B1 0 7 A 0 
39 

Label 

Z 

A 

B 
C 

Mnemon i c 
O R G 
J MP 
J MP 
J MP 
L D X 
X 
X 
TST 

L D A A 
CMPA 
RTS 

Assembly Language 

Operand 
$6F7 
C 
B 
A 
SEOOO 
X 
X 
S1FF 

# $ I F 
S7A0 

C o m m e n t 
O R I G I N F O R O B J E C T C O D E 
J U M P TO L A B E L C 
J U M P TO L A B E L B 
J U M P TO L A B E L A 
B E G I N PR INT A A C C U M . SUB 
X X 
X X 
B E G I N C A R R I A G E M O V E SUB 

B E G I N P A P E R M O V E SUB 
B E G I N E N D O F L I N E C H E C K SUB 
R E T U R N TO M A I N P R O G R A M 

Fig. 1. Assembly language representation of the module and the object code generated. 



ing method may be of 
interest to you. 

The Problem 

Suppose you have a soft-
ware module called Printer 
Control (known as the base 
module f rom here on). Fig. 1 
is arranged so that the 
assembly language representa-
t ion of the module and the 
object code (or machine 
language) that it generates are 
adjacent for easy comparison. 
This module has a reference 
entry point of 700 hexa-
decimal, used whenever enter-
ing the module by itself. The 
purpose of the module is to 
take a byte of information in 
the A accumulator, operate 
on it, and return to the main 
program when completed. 
This base module contains 
various subroutines wi th in it 

(for i l lustration purposes call 
these subroutines A,B,C) that 
are useful to other modules. 
For example, a TAB module, 
entirely separate f rom the 
Printer Control module, may 
want to use subroutine A of 
the base module to perform a 
carriage movement wi thout 
print ing any letters. The 
problem that arises is that 
other modules, not having 
been assembled at the same 
t ime as the base module, 
must call the subroutines 
A, B, and C by absolute 
addresses (i.e., a machine 
code value in hex or octal as 
o p p o s e d t o a symbolic 
address). This is fine as long 
as none of the addresses in 
our base module change. 
Unfortunately, any t ime you 
want to modify the base 
module, many of the sub-

routine call addresses in all 
the other modules using the 
base module subroutines may 
have to be changed. This is a 
t ime consuming and error 
prone process. 

The Solution 

A simple solution is to 
place a transfer vector (a 
collection of jump commands 
pointing to the locations of 
assembly language subroutine 
labels A, B, C) in f ront of the 
module's object code. The 
abso lu te address of the 
transfer vector never changes, 
but the addresses wi th in the 
module that correspond to 
subroutines A, B, and C are 
changed every t ime the 
module is altered and re-
assembled. 

If new subroutines are 
added to the module, a new 

bytes of memory are needed 
for each new jump instruc-
tion). Note also how the 
absolute addresses of each 
subroutine have changed, and 
how the corresponding jump 
command operands in the 
transfer vector have changed 
accordingly. A subroutine call 
to location 6FA wil l enable 
the use of subroutine B in 
either the old or the new 
edition of the base module. 

Fig. 3 shows how the base 
module can be used in any 
one of the three possible 
modes. The first mode is a 
direct call to the base module 
at location 700 hexadecimal. 
This uses the full capability 
of the base module to call 
each of the three subroutines 
A,B,C as needed. An impor-
tant point to note is that each 
of the subroutines within the 

Mach i ne Language Assemb ly Language 

New 
routine 
added. 

Old 
addresses 
still valid. 

Entry point 
unchanged. ' 

H e x Ope r a t i o n 

L o c a t i o n Code Labe l M n e m o n i c Ope r a nd 

O R G S 6 F 4 

6 F 4 7E 0 7 6 2 J MP D 

6 F 7 7E 0 8 4 3 J MP C 

6 F A 7 E 0 8 1 1 J MP B 

6 F D 7E 0 7 2 1 J M P A 

. 700 C E E 0 0 0 Z L D X SEOOO 

X X X X X X 

X X X X X X 

721 7 D 0 1 F F A TST S 1 F F 

762 BB E 0 0 0 D A D D A $ E 0 0 0 

811 8 6 I F B L D A A # $ 1 F 

8 4 3 B 1 0 7 A 0 C C M P A S 7 A 0 

921 39 R T S 

C o m m e n t 

O R I G I N F O R O B J E C T C O D E 
J U M P T O L A B E L D 
J U M P T O L A B E L C 
J U M P T O L A B E L B 
J U M P T O L A B E L A 
B E G I N P R I N T A A C C U M . SUB 
X X 
X X 

B E G I N C A R R I A G E M O V E SUB . 
B E G I N P A P E R O U T C H E C K S U B 
B E G I N P A P E R M O V E S U B 
B E G I N E N D O F L I N E C H E C K SUB 
R E T U R N T O M A I N P R O G R A M 

Fig. 2. Address changes with new subroutine ID). 

BASE MODULE ( P R I N T E R C O N T R O L ! 

Fig. 3. Various uses of base module. 

jump instruction is appended 
to the transfer vector so as to 
n o t change the absolute 
addresses of the jump instruc-
tions contained in its earlier 
versions. The only thing that 
need be remembered is to 
arrange the assembler origin 
such that the reference entry 
point to the module does not 
change. 

Fig. 2 shows how various 
addresses might change wi th 
addit ion of a new subroutine, 
labeled D, to the module. 
Note that a new assembler 
origin of 6F4 is necessary to 
maintain the absolute ad-
dresses of the old transfer 
vector and the reference 
entry point of the base 
m o d u l e (three additional 

base module must have its 
own return command in 
order to be useful outside the 
base module. Upon com-
pletion, the base module 
returns control to the main 
program. 

The next call f rom the 
main program illustrates the 
use of the transfer vector to 
call subroutine B in the base 
module. Finally a direct call 
to subroutine C at its abso-
lute address illustrates what 
we are trying to avoid by the 
use of a transfer vector. If the 
address of C changes due to a 
modification in the base 
module, so must the absolute 
call in every main program 
t h a t uses subroutine C 
directly. • 



IOHNSON 
COMPUTER p. o . B O X 5 2 3 , M E D I N A , O H I O 4 4 2 5 6 
• • • • • • • (216) 725-4560 

F I N A L L Y ! 

HDE inc. FLEXIBLE DISK SYSTEM FOR KIM 
Features: 

' T o p Quality Industrial Grade Controller 
'Proven High Reliabil ity Disc Drive 
* Line-Numbered Text Entry and Edit ing 
' A Powerful Command Structure 
'Adapta t ion to any 6500 Based System 
'Capabi l i ty for User Defined Commands 
'Complete Compat ib i l i ty w i th KIM 
'Mu l t i p le Resident Files 
' Indexed and Non-Indexed Disk Storage 

Comple te 90 Day Parts and Labor War ran ty 

HDE FILE ORIENTATED DISK SYSTEM 

" F O D S " 

Includes: 
' F u l l Size Sykes Drive 
' 6502 Based Controller 
'Power Supply 
' F O D S Software 
'Cables, Interface Card 
'User Manual 

HIGH RESOLUTION 
GRAPHICS 

In response to your requests, 
we now offer the K-1008, a Dot 
Matrix display board (320H x 
200V) for the KIM-l . 

But we didn't stop there. We 
also call it an 8K memory board, 
directly connected to your KIM-l. 
Full read/write with no wait 
states or snow ever. 

And — w e made it low power 
to reduce system costs. In fact our 
18 watt K-1000 power supply can 
typically power your KIM-l plus 
32K of K-1008 memory. 

How to use it The K-1008 
visible memory only needs a 
power supply and a KIM-l to 
function as memory. Add a stan-
dard monitor and you have high 
resolution graphics for diagrams, 
graphs, even variable font text 
up to 22 lines of 53 characters. 
K-1008 Assembled/Tested 

$289.00 board $40.00 
Graphic Software Listing 

$20.00 

K-1000 power supply $40.00 
K-1005 5 slot card f i le $69.00 
Micro Technology Unlimited 
P.O. Box 4596 
Manchester, N.H. 03103 

M44 

<f 
A N I N T R O D U C T I O N 
TO P E R S O N A L 
A N O B U S I N E S S 
C O M P U T I N G 

NEW 
AN INTRODUCTION 

TO PERSONAL 
AND BUSINESS 

COMPUTING 
Rodnay Zaks - Austin Lesea Ref C200 $6.95 
This introductory text is aimed at answering the 
basic question: "What do I need in order to...?" 
It covers applications, peripherals, existing systems, 

how to assemble them. How to choose. The real cost of a 
System. The software. Is a floppy sufficient for a mailing list? 
Build or buy? 

• g S ? 

USED WORLDWIDE IN 
TEACHING AND EDUCATION 

MICROPROCESSORS 
Rodnay Zaks 416 pp., ref C201 $9.95 

MICROPROCESSOR 
INTERFACING TECHNIQUES 

Rodnay Zaks 416 pp., ref C207 $9.95 Austin Lesea 
TO ORDER 

• BY PHONE: call (415)848-8233 
BankAmericard/Mastercharge accepted 
• SHIPPING: no charge when payment 

included. 
ADD: $1.00/book for fast shipping. 

• TAX: in California, add sales tax. 
•OVERSEAS: 
SYBEX-EUROPE,313 rue Lecourbe, 
75015 - PARIS, France Tel:(118282502 

SYBEX 

2020 Milvia St. 
Berkeley, 
Calif 94704 

MICROPROCESSOR 
LEXICON $2.95 
110 pp., pocket-size, ref X1 
ALL THE DEFINITIONS AND ACRONYMS 
A complete dictionary, PLUS: part numbers, 
signals, for S100. RS232, IEEE 488, addresses. 

SELF-STUDY COURSES 
Each course includes a book plus 2 cassettes 
(can be played on any cassette recorder at 
home, in the car, at the office.) 
51-INTRODUCTION TO MICROPROCESSORS 

2V4 hours. Basic introductory course. 
52-PROG RAMMING MICROPROCESSORS 

2V4 hours. Basic introduction to programming. 

A MICROPROGRAMMED 
APL IMPLEMENTATION $25.00 
Rodnay Zaks 320 pp., ref Z-10 
The complete design of a real APL interpreter, including theory, 
parsing, operators, dynamic block management, actual listing. 

NAME POSITION 
COMPANY 
ADDRESS 
CITY STATE/ZIP 
• C201 • C207 DC200 DX1 QZ10 D O T H E R _ J r 
• Payment enclosed D Bill company • Bill me 

ADD $1 00/ BOOK FOR FAST SHIPPING 
C charge my D Visa • Master charge 
• Number Exp date 
Signature • Send catalog. 

• FREE CATALOG/ ORDER FORM • S42 



TRS-80 OWNERS! 

D.C. METRO AREA 
T Y S O N S CORNER. V IRGINIA 

THE 

COMPUTER SYSTEMS 
STORE 

MICROCOMPUTERS & PERIPHERALS 
HOME. SCHOOL & SMALL BUSINESS 

FEATURING 
Small Business Systems Complete with 

Application Software Including 
Word Processing 

DEALERS FOR 
Commodore Pet 
Processor Technology 
Pofymorphc 
Cromemco 
Southwest Technical 
Micro-Computer 
Business Systems. Inc 

Lear S«g!er 
Diablo 
Texas instn/nents 
DEC 
North Star 
Anderson Jacobson 
Books & Magazines 

1964 Cham Bridge Rfl 
McLean VA 

703-821 -8333 C 7 3 

They said it couldn't be done. BUT WE DID IT! 

#1920-Star Trek—Locate and destroy the Klingons 
in 30 Stardates Full 64 quadrant game with 
Phasors, Photon Torpedoes, Shields, etc. 

#2321 -Wumpus —The original Wumpus game with 20 
rooms. Super Bats. Bottomless Pits and, of course, 
the Wumpus 

#0413-Digital Mastermind —A challenging game of logic 
where you determine the computer's number in 10 
tries, with or without hints 

#0612 -File Locator —Displays the locations of programs 
stored on a cassette (Have you ever tried to write 
the name and location of 5 or more on those tiny 
labels?) 

#1518 -Oriental Rings- Another game of logic where you 
move 8 rings from 1 post to another without mov-
ing a smaller one on to a larger one It isn't easy' 

#0218 -Biorhythm— Join in the fun of one of today's big-
gest rages Graphically plots all 3 cycles for 2 
months on the screen at one time 

Coming soon! All-Star Baseball —Full 9 inning game for 2 
players 
In the works! An adapter to interface 2 cassette decks to 

Level-I BASIC Read from one and write to the 
other! 

All programs run in 4-K memory with Level-I BASIC 
Prices $7 95 ea . $13 95 for 2. $23.95 for 4. $29 95 for 6 In-
clude $ 50 for each program for postage and handling 
Check. Money Order. Visa or Master Charge only No 
C O D 

Esstoo-Deetoo Products 
P.O. Box 6128 Shreveport. LA 71106 

E 2 9 

PERTEC RECORDER 
PERTEC MODEL 7850-9 MAGNETIC 

DIGITAL 

«» 1 ~ 

RECORDER 
Uses nine channels 
8-bit data. 1 -bit parity 
Has functions: load 
forward. reverse, re 
wind, write-enable 

and write-lockout. 115 VAC 60 Hz input. No cover 
8V4X19X9'/!"; Sh Wt 35 lbs Used $150.00 
SUPERIOR ELECTRIC PAPER TAPE 

READER — 8-channel encoding. 100 characters 
per sec TT l outputs and handshake Uses standard 
1" tape 115 VAC 60 Hz input 20'/?x10x16'/ i" ; 
Sh. w t 60 lbs Used $145.00 

MODEL 795 VIDEO TERMINAL 
7x10" magnetically-deflected CRT. 115 VAC 60 Hz 
input. Less power c a b l e M V i x M V j x I V . Sh. Wt. 100 
lbs Used, reparable $59.50 
W r i t e (o r N e w '78 C a t a l o g of G o v e r n m e n t a n d 

C o m m e r c i a l E l e c t r o n i c S u r p l u s F 1 

All prices F O B Lima, Ohio 
Items over 50 lbs. shipped motor freight collect. 

Address: Dept. K • Phone: 419/227-6573 

FAIR RADIO SALES 
1016 E EUREKA • Bo« 1105 • LIMA. OHIO - <5802 

JOYSTICK 
Ideal for TV Games, Audio, 
Computer Games, etc. Fea-
tures four 100K Center 
Tapped Pots. R 1 8 
S3.SO ea . 3/$10.00 

ALCO MEP-10 
CERAMIC TERMINAL 
STRIP 10 Terminals. 
S.S0 ea. -10/S4.00 

TRIMPOTS 

500 ohm 
IK—5K—20K —25K 5/7Sc 

DIP RELAY 

SPDT 5 v. coil. Contacts 
8 VA at 250 A $1.00 ea . 

A l l merchandise 100% guaranteed Please 

include postage with your order. 

Write lor FREE Catalogue CHICAGOLAND-

Our Store Open Daily at 10:00 A M 

R.W. ELECTRONICS. INC. 
3 2 0 3 N o r t h W e s t e r n A v e n u e 

C h i c a g o , I l l i n o i s 6 0 6 1 8 

3 1 2 2 4 8 2 4 8 0 

LET US SELL 
YOUR NAME & ADDRESS 

I f y o u are a dealer or a m a n u f a c t u r e r (or a lmos t a n y t h i n g 

else in the h o b b y c o m p u t e r i ndus t ry ) you m i gh t as well send 

K i l o b a u d you r n a m e a n d address so we can sell it t o peop le w h o 

wan t to sell y o u th ings . M a n u f a c t u r e r s are l o o k i n g for dealers 

. . . they use ou r l ist . Dealers are l o o k i n g for new p roduc t s . . . 

and they use o u r l ist. W e m a y no t m a k e a ny m o n e y pub l i s h i n g 

K i l o b a u d , bu t we ' re m a k i n g ou t l ike crazy w i th o u r l ist. D o n ' t 

miss the f u n . . . get o n o u r list. W r i t e K i l o b a u d L is t , Peter-

b o r o u g h N H 03458 a n d get r i ch . W e d o n ' t d o b ad l y either at 

$100 a shot for the l ist , current ly over 2500 s t rong . 

THINKING OF 
MANUFACTURING? 

If you are about to foist a fantastic product on the multitudes 

of gullible computerists out there you will want to see if you can get 

on our mailing list for the Kilobaud Knewsletter for Klubs. Dealers 

and the Microcomputer Industry. This continuing bunch of gratu-

itous advice from Wayne Green will tell you how to run your 

business, make a club grow, and a lot of other things you'd rather 

not know . . . or probably know better than Wayne anyway. The 

Knewsletter has one sterling benefit . . . it's free, and worth maybe 

half that. Write Kilobaud Avuncular Advice Knewsletter. Peter-

borough NH 03458 . . . and wait. 



Jeffrey G. Towte 
696 Beech St. 
E. Lansing Ml 48823 

Error Correcting Codes 

Error correcting codes are a software technique for detecting and correcting hardware 
errors that sometimes occur in data-transmission systems. 

Most of us are familiar 
with detecting errors 

using a parity bit. The ASCII 
7-bit code is usually accom-
panied by an 8th bit which is 
set either as 0 or 1 depending 
on whether the first 7 bits 
have an even or odd number 
of bits turned on (or set to 
1). The kind of parity is either 
even or odd depending on 
whether or not the entire 
8 bits have an even or odd 
number of bits on. Since the 
8th bit is set on or off as a 
result of the first 7 bits, every 
set of 8 bits can be sent with 
the identical parity. A t the 
receiving end, all we need to 
do is check each 8-bit string 
for its parity; when one 
comes along with the wrong 
parity, we have detected an 
error. Unfortunately, we have 
no idea which bit has been 
clobbered in the channel, and 
therefore we must request 
that the string be retrans-
mitted. 

Checksums perform the 
same sort of basic function 
(detecting errors), but they 

too suffer f rom the inabil ity 
to indicate where the error(s) 
occurred. Also, since check-
sums occur after several 
strings of bits have been sent, 
a checksum error means that 
the whole message must be 
resent. If the channel is 

bit 1 bit 2 result 

0 0 0 

1 0 1 

0 1 1 

1 1 0 

Table 1. Truth table for the 
Exclusive OR operation. 
One way to interpret this opera-
tion is to view the result as a 
parity bit which results in even 
parity. Thus, if we have a string of 
bits such as 001011 and perform 
the Exclusive OR O©0®7fflO®/®7 
the result would be 1. Being able 
to do Exclusive ORing on a string 
of bits is necessary when more 
bits are involved in each message 
string (more than just one like in 
this first example). Another way 
to get the result of a string of EX 
ORs is to find out how many 1s 
there are, and if the number is 
even, the result is 0; if the number 
is odd, the result is 1. 

subject to much noise, we can 
expect at least a few errors in 
a long message, and we may 
end up sending and resending 
the message several times 
before an error-free message 
is received. 

With a few extra parity 
bits interspersed throughout 
the string of bits, we can not 
only detect errors but also 
locate the bit in error, invert 
it, and have a correct message 
received wi thout having to 
send the message more than 
once. This sort of parity 
checking (with extra parity 
bits) is known as error cor-
recting, a bit more sophisti-
cated and helpful than simply 
error detecting. 

Error Correction — Needs 
More Parity Bits 

In order to have a coding 
scheme that not only detects 
errors, but corrects them, it 
seems only natural to have to 
pay a price. The price is in 
terms of extra parity bits. For 
short strings of bits, the 

parity bits occur almost as 
frequently as the message 
bits. In fact, to send a single 
bit and detect and correct 
errors, two parity bits are 
required. An example wil l 
help clarify this point, but in 
words we must be aware of 
the fact that errors can occur 
in the parity bit(s) as well as 

Posit ion 

Binary Address 

0 = 0 0 0 
1 = 0 0 1 P 
2 = 0 1 0 P 
3 = 0 1 1 M 
4 = 1 0 0 P 
5 = 1 0 1 M 
6 = 1 1 0 M 
7 = 1 1 1 M 

Table 2. The parity bits are at 
positions in which only a single 
bit is on. Look down a column. 
Wherever there are 1s in the 
column, note the positions. There 
will only be one parity bit in each 
column and three message bits. 
(In general, (2n'1-n) message bits 
will be used to encode each of the 
n parity bits. I 



in the message bit(s). If such 
an error does occur, we want 
to be sure that we don't 
assume that the message bit 
was in error and invert it by 
mistake. 

One Message Bit 
Suppose we have only one 

bit to send, which we shall 
label as M. The error cor-
recting code will have three 
bits in total: M and two 
parity bits. Pi and ?2- The 
string wil l look like MPP, or 
better, M3P2P1 with the 
subscripts indicating which 
bit is sent first. M3 means 
that the message bit wil l be 
the third bit in the string. 
Now we must know how to 
encode the parity bits Pi and 

P2-
The error correcting code 

discussed here depends 
heavily on the use of the 
Exclusive-OR logical function 
(see Table 1). The notation© 
wil l be used to indicate Ex-
clusive-OR. 

Let 's set P-|=M3 and 
P2=M3 and see what happens. 
If the message is M=1, the 
string will be 111. Now at the 
receiving end, the string is 
analyzed by determining the 
results of the Exclusive OR 
checks shown in Example 1. 

Believe it or not, this 
check indicates that there is 
no error in the string. Read-
ing from the top down, the 
two Os indicate that error 
occured in the Oth bit (which 
does not exist). 

One Message Bit — One Error 
If an error in transmission 

had occurred, one of the bits 
in the message would have 
been a 0 instead of a 1. If the 
first bit were the source of 
error, the received message 
would have been 110 and the 
check would have given 
Example 2. This indicates 
that the error occurred at 
location 01 binary, or the 
first bit (which we knew 
because we made the error in 
bit 1). If the error occurred in 
bit 2, the received message 
would have been 101 and the 
check would be Example 3. 
This indicates an error in bit 
10 or bit 2 (10 is binary for 
2). Of course, had the error 

Aj = PJ®M3 = O 

A 2 = P 2®M 3 = 0 

Example 1. 

Aj = Px® M 3 = 0 ® 1=1 

A 2 = P2® M 3 = 1 ® 1=0 
Example 3. 

been in the third bit, or 
message bit, the check would 
reveal 11 which is binary for 
3. 

Several Message Bits 

There are some fixed num-
ber of message and parity bit 
combinations which are not 
possible in this single error 
correction coding scheme. In 
general, it is the number of 
parity bits which fixes the 
number of message bits 
included in each distinct 
string of bits. The number of 
bits in a string is 2n-1 where n 
is the number of parity bits. 
For the two parity bit ex-
ample, 22-1 = 3, the total 
number of bits in the string. 
The number of message bits 
in the string is, therefore, 
(2n-1) - n. What does this 
mean if we try 3 parity bits 
instead of 2? Plugging in we 
get 23-1-3 = 4 message bits. 
Thus, the string will be 7 bits 
long, and there wil l be 4 
message bits and 3 parity bits. 
Let's jump to 5 parity bits. In 
this case, there will be 31 bits 
in the message, and 26 
message bits. The ratio of 
information (message bits) to 

Aj = Pj©M 3 = 10 91=0 

a 2 = P2® M 3 = 05 01 = 1 

Example 2. 

Pi = m3« [> M 5 ® m 7 

p2 = m 3 D M 6 ® m 7 

P4 = M5d M 6 ® m 7 

Example 4. 

checking (parity bits) im-
proves as the strings get 
longer. But as we will see, the 
amount of processing needed 
during encoding and decoding 
also increases as the length of 
the string increases. 

In this example using 7 
bits (4 message and 3 parity), 
we wil l assume that you 
understand the Exclusive OR 
operation and binary nota-
tion. The first problem is to 
locate where the parity bits 
belong. Mathematically, they 
are put in locations 20, 21 
and which is easily gen-
eralized, meaning that for n 
parity bits, the ith one 
belongs in position . For 
our three parity bits, this 
means they are the first, 
second, and fourth bits in the 
string. The message bits are 
put in the unused positions, 
which are 3, 5, 6 and 7. 

To determine the coding 
for the parity bits we'll give 
you a scheme later. For now, 
just the notation wil l do. 
First, our string will look like 
this: 

m 7 m 6 m 5 p4 m 3 p2 Pj 

and is sent out by shifting it 

to the right one bit at a time 
(e.g., ser ial transmission 
across the phone lines or into 
a cassette recorder). The 
parity bits are determined 
using the message bits in 
Example 4. 

This may appear at first to 
be sort of random, but look 
closely. The parity bits occur 
at positions such that any 
combination of 0s and 1s for 
them will encode a binary 
address from 0 to 7 by adding 
up the position numbers 
(which we will f ind out is the 
address of the bit which is in 
error). Also, the positions of 
the message bits are such that 
only those in which bit 1 is 
on (for positions 3, 5, and 7 
in binary) are used to encode 
parity bit P-|. ?2 is encoded 
using the message bits in loca-
tions in which the second bit 
of a three bit binary address 
is coded as 1, which are posi-
tions (addresses) 3, 6 and 7. 
Likewise, P4 uses the bits 
located in positions in which 
the third bit of a three bit 
binary address is 1. A look at 
the list of numbers in Table 2 
wil l help. 

The posit ion 0 (000 
binary) is not used during the 
encoding. For the rest of the 
table, the columns are the 
key thing to look at. The 
parity bit being encoded will 
be associated with three 
message bits, found by the 
positions in which a 1 is 
found in the column along 
with the 1 associated with the 
parity bit. The first parity bit 
is in position 1, and in that 
column, positions 3, 5, and 7 
also have a 1. 

The next step is to take a 
message (any 4-bit message 
will do) and encode it into a 
7-bit string. I chose the 
message 0111 which is hex 7. 
(The important thing to keep 
consistent is which way to 
read the message. The bits are 
to be shifted right if they are 
serialized.) In this 4-bit 
message, the individual 
message bits are: M3 = 1, M5 
= 1, Me = 1, M7 = 0. The 
parity bits are shown in 
Example 5. The entire string 
of bits will be (starting with 
bit 7 on the left) 0110100. 

pl = 1 ® 1 ® 0 = 0 (= M 3 a <m5 ®M 7) 
p2 = 1 ® 1 ©0 = 0 (= M 3 a >m6 ©M 7) 

P4 = 1 ® 1 ®0 = O (= M 5 'Me ® M7) 
Example 5. 

Al = Pl B M 3 S > m 5 © M 7 =O< B 1 ® 1 ®0 = 0 

a 2 = P2 bm 3« ) m 6 ® M 7 = O' B 1 ® 1 ®0 = 0 

a 4 = P4 5M 5« ? m 6 ® M 7 = of B 1 © 1 ®0 = 0 

Example 6. 



A l = P 1 ® M 3 ® M 5 ® M 7 = 0 ® 1 ® 0 ® 0 = 1 

a 2 = P 2 ® M 3 ® M 6 ® M 7 = 0 ® 1 ® 1 ® 0 = 0 

A4 = P 4 ® M 5 ® M 6 ® M 7 = O ® O ® I ® O = 

Example 7. 

1 

P x = M 3 ® M 5 ® M 7 ® M j i ® M J 3 ® M I 5 ® M I 9 . 

Example 8. 

. . ® M31 

A} =01010101 A i = 1 0 1 0 1 0 1 0 

A 2 " 01100110 A 2 = 10O11OO1 

A 4 = O l l l l O O O A 4 = 10000111 

(The bar means not or comple-
ment . or in this case, when A n = 
0.) 

Example 9. 

Now let's send this mes-
sage wi th no errors. A t the 
receiving end, the string is 
processed by performing 
Example 6. The address of 
the error is 000, or posit ion 
0, which is not in the string. 
If none of the bits have 
changed during transmission 
(no errors) then it makes 
sense that each of the Exclu-
sive ORs should result in 0s. 
Remember, P-| was the result 
of (M3 ® M5 ® M7) and 
therefore, doing the checking 
is like doing the fo l lowing: 
(M3 ® M5 ® M7) ® (M3® M5 
® M7) where the M means the 
received message bits. We can 
reorient this expression as 
(M3 ® M3) ® (M5 ® M5) ® 
(M7 ® M7) which compares 
each message bi t before and 
after transmission. If no 
change has resulted, the ® wi l l 
be 0 for each pair (a b i t ®'d 
wi th itself is 0), but if a single 
bit has inverted due to error, 
the result wi l l be a 1. Study-
ing this a bi t longer (no pun 
intended) wi l l show you how 
the scheme wil l give you the 

actual posit ion of the error. 

A 7-Bit String with One Error 
Using the same message 

bits as before, let's f ind out 
what we'd do if we received 
the fo l lowing message: (don ' t 
look back at the original 
string just yet) string = 

0100100. We know this is a 3 
pari ty b i t code, and the 
pari ty bits are in locations 1, 
2 and 4, thus P i = 0, P2 = 0, 
and P4 = 0. Also, the message 
bits are M3 = 1, M5 = 0, Mg = 
1, and M7 = 0. Now let's 
decode the address of the 
error, if any, in Example 7. 

The address of the error is 
posit ion 5, read f rom A 4 and 
A1, both being on; their sum 
is 5. Now correct the string to 
read 0110100 (invert posit ion 
5's bit f rom a 0 to a 1) which 
is the proper string. The 
message b i t was in error in 
this case, but in others, the 
pari ty bit may have been the 
one in error. Rather than 
correct ing the string, it might 
be quicker and more ef f ic ient 
simply to check the address 
to determine whether par i ty 
or message bits were involved 
and ignore the correct ion if a 
par i ty bit was in error (who 
cares about pari ty bits after 
the message has been sent?). 

Try doing the error check-
ing for other posi t ion errors. 
Also, where there are t w o 
errors, this system wi l l not 
locate the address of the 
error, but it wi l l indicate that 
an error was received (one or 
more of the error address bits 
w i l l be on). This error cor-
recting code wi l l handle most 
errors as long as the error rate 
is fa i r ly small (so that two 
errors are not l ike ly to occur 
in the same str ing). 

What to do with Error Cor-
recting Codes 

The 7-bit string used in the 
e x a m p l e o n l y allows 4 
message bits to be sent w i th 
each 3 parity bits. This 
sounds ineff icient, and in 
terms of getting a lot of data 
through a channel it is. How-
ever, it helps eliminate an 
occasional missing bit, which 
may be even more disastrous 
than a slower effective bit 
rate. Wi th 5 pari ty bits, the 
relative number of parity bits 
is substantially reduced com-
pared t o the number of useful 
data bits. The 31 bits in a 
string result in 26 message 
bits, which is enough to 
encode 3 8-bit bytes w i th 2 
extra bits which are of litt le 
use. The problem w i th the 31 
bit message is the number of 
Exclusive ORs needed. For 
example, the f irst parity bit is 
found using the calculation in 
Example 8. 

Another problem for the 
programmer is how t o do 
bit-specific Exclusive ORing 
e f f i c i e n t l y . Hopefu l ly , an 
article wi l l appear describing 
a program to implement the 
7-bit str ing error correct ing 
coding in the near future. As 
a start on the programming, 
put masks in memory as 
shown in Example 9. 

If i t is determined that the 
location of the error is A-| = 1, 
A2=0, A4=1, then use the 
A N D funct ion to A N D A-|, 
A2, A 4 which wi l l result in 
the fo l low ing mask in the 
A c c u m u l a t o r : 0 0 0 1 0 0 0 . 
Simply ® this w i t h the re-
ceived string, and the proper 
bi t wi l l be inverted, which is 
bit 5. Note also that by AND-
ing A1 w i th the string, on ly 
bits 1, 3, 5 and 7 can get in to 
the Accumulator , at which 
t ime you need only t o deter-
mine the parity (number o f 1 
bits) and if i t is even, the 
result wi l l be 0 indicating that 
as far as the A1 por t ion of 
the posi t ion, use A 1 mask. 
Whether to use A2 or A 2 
mask, A N D A2 w i th the 
string, determine the par i ty , 
and select A 2 or S 2 depend-
ing on whether the results are 
odd or even respectively. • 

MICRODESK 

The perfect home 
for a personal or business computer 

48" x 24" x 26", Shelves 23" x 23", One Adjustable 
MICRODESK $96.50 113 lbs. F.O.B. Wichita 

COMPUTER SYSTEMS DESIGN 
1611 E. Central Wichita, Kansas 67214 

DEALER MQUIfUES INVITED 



The New Star In Disk Systems 
4 TIMES THE STORAGE. TWICE THE SPEED. 

IBM COMPARABILITY 

I n t r o d u c i n g Th inke r Toys7" new DISCUS I*" 
s tandard f l o p p y disk system for just $895.* 

It's the new standard of p e r f o r m a n c e in S-100 disk 
systems. Because DISCUS I's s tandard f l oppy fo rmat 
ho lds 4 t imes the data per disk as N o r t h Star's m i n i -
f l o p p y cost ing $777. 

A n d DISCUS'" is tw i ce as fast as the N o r t h Star. 
A n d has tw ice as many tracks. A n d tw ice as m u c h 
data o n each track. 

That's fou r t imes the per fo rmance for just $118 more . 

But that's no t all. DISCUS I™ is b o t h S-100 and 
I B M - c o m p a t i b l e . Plus, o u r p lug - i n S-100 con t ro l l e r 
has an o n - b o a r d serial I / O po r t , cache bu f f e r , and 
r e a d / w r i t e / s e e k rou t ines in o n - b o a r d R O M . There's 
even a boo ts t rap loader . 

DISCUS I*" comes as a comp le te l y assembled 
system. A Disk Jockey I " con t ro l l e r and cable set 
in ter face your S-100 ma in f rame to the handsome 
f ree-s tand ing Shugart disk d r i ve u n i t — w h i c h comes 
c o m p l e t e w i t h cab ine t , p o w e r supply and fused 
de tachab le l ine co rd . 

The pr ice also inc ludes DOS, A T E " assembler / 

ed i t o r , patches for C P M , and Advanced BASIC 
(available mid-1978) sof tware. 

W e also o f fe r C P M ($70) and M ic ro -so f t Extended 
Disc BASIC ($199). 

DISCUS lT" has Shugart re l iab i l i ty , M o r r o w ' s 
M ic ro -S tu f f pe r f o rmance and Th inker T o y " sales 
and service na t i onw ide . It's fu l ly assembled, tested 
and war ran ted (dr ive 45 days, con t ro l l e r 1 year). 

D o n ' t invest in a f l oppy that can' t de l iver b ig 
p e r f o r m a n c e r ight now. Buy D ISCUS" standard 
f l oppy system today . . . w h i l e ou r special $895 in t ro -
duc to ry p r i ce ($100 savings)* is stil l avai lable. 

Ask your local c o m p u t e r store to o rde r DISCUS I " 
be fo re July 1 st. O r send your check or money o rder 
t o THINKER TOYS" . 1201 10th Street. Berkeley. CA 
94710. O r call (415) 527-7548,10-4 p m PST. A d d $3.00 
hand l i ng ; Cal i forn ia residents add tax. 

Thinker 
T o y s 1201 10th Street 

Berkeley, CA 94710 

* Introductory prices until lune 30, 1978 only T28 



ASCII to Baudot. . . 
e r . . . Murray (the Hard Way) 

Mini Micro Mart strikes again—as you will see in this consumer report. 

John A. Lehman 
716 Hutchins #2 
Ann Arbor Ml 48103 

Ray Graham 
2365 Twinlakes 2A 
Ypsilanti Ml 48197 

Publisher's note: The Baudot referred 
to in this article is actually Murray 
code as per my remarks on page 4. 
Have we all been the victim of a 
dastardly French revisionism plot? 

And so it goes—the continuing saga of the computer hobbyist 
community and its special relationship with Mini Micro Mart. 
Naturally, you won't be able to get into this relationship until you 
order something from Mini Micro Mart; and then you'll find out (as 
John, Ray and so many others have) why it is a special relation-
ship. Without hesitation, I can recommend at least one product for 
you to buy from MMM: the GPA-B ASCII/Baudot converter board. 
The reason for this is because you can become familiar with possi-
ble problems you'll encounter by reading the following article. 
—John. 

The Mini Micro Mart GPA-B 
is a kit that converts paral-

lel ASCII to serial Baudot. This 
is obviously a very useful de-
vice for hams and computer 
hobby is ts who have Baudot 
t e l e p r i n t e r s , s u c h as t h e 
models 15,19 and 28. These are 
frequently available and quite 
inexpensive; many hams have 
them already. Conversion from 
ASCII to Baudot can be done in 
either hardware or sof tware; a 
hardware convers ion sys tem 
can save a coup le -hundred 
bytes to be used for other pur-

p o s e s in y o u r c o m p u t e r . 
Whether th is part icular hard-
ware conversion is wor thwhi le 
wi l l be left up to the reader to 
judge—read on! 

For those who have not dealt 
wi th Mini Micro Mart, they are 
located at 1618 James Street, 
Syracuse NY 13203. They offer 
qu i te a range of compu te r 
equipment, both surplus and 
kits, at very low prices. Cynics 
might observe here that you 
usually get what you pay for; 
th is is not far f rom the t ruth. 

One of M in i M ic ro Mar t ' s 

most recent bu l l e t i ns po in t s 
out that they cater to the " t rue 
h o b b y i s t . " T h i s p a r t i c u l a r 
species is a subset of the hard-
ware type wi th whom we are all 
fami l iar ; he is the sort of person 
who feels tha t Heathk i t -s ty le 
i n s t r u c t i o n s are d e m e a n i n g 
and that (one gathers) f ind ing 
errors in design and manufac-
ture is an interest ing chal lenge. 
This is a rather recent defini-
t ion of Mini Micro Mart 's cus-
tomers; it did not exist (at least 
in print) when I bought the kit. 
But s ince they spec i f y who 
their ideal cus tomers are, let us 
now expla in who we are so that 
readers can judge how wel l we 
fit the mold. 

" I " in the rest of the art ic le 
refers t o John , K8UP (as in 
microprocessor). I am a ham 
(since 1964) w i th the usual ex-
perience wi th a combina t ion of 
home-brew, kit and commerc ia l 
ham gear. Digi tal e lect ronics is 
fa i r ly new to me, a l though I 
have been programming com-
puters for a couple of years 
now. As a computer hobbyist , I 
am d e f i n i t e l y a " s o f t w a r e 
type." 

Ray is a hardware type—an 
electronics techn ic ian by pro-
fession, as wel l as by avoca-
t ion. His background, l ike mine, 
is most ly in commun ica t ions 
electronics. We are both mem-
bers of the Ann Arbor Computer 
Club, wh ich is the source of th is 
co l laborat ion. 

More on MMM 

Mini Micro Mart does not ser-

vice what it sells. Unti l a few 
months ago, their cus tomers 
were forced to live a catch-as-
catch-can existence scurrying 
to locate sui table shops to ser-
v i c e t h e i r e q u i p m e n t ; now 
MMM recommends an indepen-
dent repair service. Their rea-
soning is that some people do 
not know how to put k i ts to-
gether, and so the company 
cannot take responsibi l i ty for 
resul t ing errors. My own opin-
ion (for what it is worth) is that if 
M M M took respons ib i l i t y for 
m a k i n g t h e k i t s w o r k , t hey 
wou ld not be able to send out 
erroneous documenta t ion , de-
fect ive parts or incomplete kits 
the way they do now. 

What I received in th is in-
stance is p ictured in Photo 1; 
documen ta t i on cons is ts of a 
parts l ist, a schemat ic and a 
layout d iagram. The schemat ic 
and the layout (at least for this 
kit) were not in agreement. Part 
of the reason for th is seems to 
be that MMM makes several 
A S C I I / B a u d o t c o n v e r s i o n 
b o a r d s . . . and they use the 
same documenta t ion for all of 
them! 

Only by compar ing the parts 
s h i p p e d w i t h the p a r t s l i s t 
(wh ich aga in does du t y for 
th ree k i ts ) and f i g u r i n g out 
what everything on the sche-
mat ic does is it poss ib le to 
f igure out what is needed for 
the GPA-B kit. For those who 
have trouble, a corrected sche-
mat ic is given in Fig. 1. This 
m o d i f i c a t i o n c o n t a i n s addi -
t ions and correct ions (more on Photo 1. What was shipped. 



these later) but does not in-
clude the parts for dif ferent 
kits. Incidentally, I never did re-
ceive all the parts for this kit; 
fortunately, the missing ones 
were available locally. If this 
keeps up I may turn into a true 
hobbyist! 

Now for the history of the kit. 
The circuit was originally pub-
lished in Radio Electronics in 
March 1976. In the original pub-
lication there were a couple of 
errors, which were corrected 
the next month. Not all of these 
are corrected in the GPA-B (I 
presume that the folks at Mini 
Micro Mart do not believe in 
testing their kits before they 
put them into production and 
sell them). 

I ordered the kit (for $35), 
along with a surplus keyboard, 
in early February 1977. The key-

board came a few weeks later 
w i th a note that the GPA-B 
would be delayed about a week. 
Af ter a mon th of wa i t ing , I 
wrote the company to ask what 
had happened. No answer. Two 
months from the t ime the key-
board arrived, I again wrote. 
This t ime I was informed that 
the board had not been shipped 
because MMM didn't have any. 
They did have a similar board 
. . . would I accept that? I said 
yes. 

Three weeks later at a com-
puter fair in Cleveland, I ran in-
to Mini Micro Mart representa-
tives who said they didn't have 
any of the boards yet (they had 
one as an exhibit and were tak-
ing orders for them), but that it 
wasn ' t the i r fau l t and they 
wou ld sh ip one r ight away. 
They were obviously not too en-

thused about my scaring away 
customers, although a couple 
of other people at the show 
commented that they, too, were 
having problems with orders. 

Two weeks later, sti l l noth-
ing. I called. Yes, they had them 
and one would be sent the next 
day. A few weeks later it came 
—over four months from the 
time I ordered it (prepaid, of 
course). I read the directions 
(half page), checked for non-
p la ted- th rough holes w i th a 
magnifying glass (I should have 
used an ohmmeter) and built 
the thing—after going out and 
buying IC sockets. It d idn ' t 
work. 

First, I compared all parts 
with parts layout. No problem. 
Then, using an ohmmeter , I 
compared the schematic to the 
board. In addit ion to the un-

p la ted - th rough holes I had 
caught w i th the magn i fy ing 
glass, there were 27 additional 
holes that had either been bad 
to begin with or had come un-
plated when I inserted the IC 
sockets. I repeat: twenty-seven 
bad plated-through holes. Ray 
later found three more; it would 
have been much easier if the kit 
had been sold as not having 
plated-through holes, then I 
would have soldered everything 
on both sides to begin with. 

"Min i Micro Mart recognizes 
a responsibil ity to provide the 
highest qual i ty components, 
whe the r so ld as i nd i v i dua l 
items or as part of a ki t ." So 
reads the manual. Yep. I might 
add that Mini Micro Mart not 
only recognized its responsibil-
ity to provide the highest quali-
ty components in the form of 

Fig. 1. Mini Micro Mart GPA-B ASCII-Baudot conversion board. Schematic modified by John Lehman and Ray Graham. 



the board, but also inc luded 
three bad ICs. We rep laced 
them locally, rather than return 
them and risk wai t ing a couple 
more months. 

After I had spent about 25 
h o u r s t r a c i n g p u l s e s a n d 
soldering bad holes, I gave up 

and cal led Ray. He found a cou-
ple more bad holes, two bad 
ICs, in addi t ion to the one I had 
found, and two errors in the 
schemat ic . Error here means 
someth ing more serious than 
mis label ing a part or misnum-
bering an IC pin, which also 

happened. 
The f i rst problem was that 

the clear pins on the 74123 were 
left f loat ing, rather than being 
t ied high. A l though not exact ly 
an error, th is is not considered 
good pract ice because the pins 
are suscept ib le to noise. They 

were t ied high as shown on the 
corrected diagram. 

The s e c o n d p r o b l e m w a s 
tha t p in 2 of the 7474 was 
grounded rather than high. This 
causes the board to shi f t f rom 
f igures to letters, but not shi f t 
f rom letters to f igures. This was 
an error in the or ig ina l uni t . 
Af ter many hours of work, Ray 
c o r r e c t e d t h e p r o b l e m and 
brought the unit back to me. 

I p lugged it in expect ing no 
problems. No such luck; I was 
plagued by the same problems 
that Ray had already solved. A 
couple of hours of c i rcui t trac-
ing were unproduct ive, but I d id 
not ice that the t ransformer on 
my bench supply was get t ing 
very hot. I checked the vol tage 
wi th the GPA-B connected and 
read 4.75 vol ts. So I quickly 
bui l t another supply w i th heft-
ier components . This solved 
some of the problems. 

It turned out that the 74123 
did not work at 4.75 volts, but 
worked qui te wel l at 5 volts. Un-
for tunate ly , the 74165 shi f t reg-
ister worked f ine at 4.75 volts, 
but d id not work at 5. We re-
placed it and the board f inal ly 
drove my model 15. Both of the 
o r ig ina l ICs worked f ine in 
Ray's setup w i th unknown volt-
age, so they seem to be fair ly 
sensi t ive to such things. 

One addi t iona l modi f ica t ion 
is shown on the diagram: the 
555 pulse stretcher shown con-
nected to the f lag. It turns out 
tha t my Sanders k e y b o a r d 
( i r o n i c a l l y , p u r c h a s e d f r o m 
MMM) d id not have a long 
enough f lag to t r igger the GPA-
B c i rcui t . This pulse stretcher is 
opt ional , but it probably can' t 
hurt. 

Up and Running—Finally 

N o w t h a t t h e b o a r d is 
operat ing, it is an acceptable, 
a l though not perfect, so lu t ion 
to the problem of dr iving a 
Baudot teleprinter w i th ASCII. 
One of the problems is in the 
des ign—space is a lways in 
f igures shi f t . This means that 
the machine shi f ts and unsh i f ts 
between each w o r d — a less 
than ideal occurrence. It also 
somet imes shi f ts but fa i ls to 
space when a space is re-
ceived. If the board is run con-
t inuously for very long it gets 

:il Symbol Bits Baudot Bits Communications CCIT Bell 
A 1000001 00011 A A A 

B 1000010 11001 B B B 

C 1000011 01110 C C C 

D 1000100 01001 D D D 

E 1000101 00001 E E E 

F 1000110 01101 F F F 

G 1000111 11010 G G G 

H 1001000 10100 H H H 

I 1001001 00110 I I 1 

J 1001010 01011 J J J 

K 1001011 01111 K K K 

L 1001100 10010 L L L 
M 1001101 11100 M M M 

N 1001110 01100 N N N 

0 1001111 11000 O O O 

P 1010000 10110 P P P 

Q 1010001 10111 Q Q Q 
R 1010010 01010 R R R 

S 1010011 00101 S S S 

T 1010100 10000 T T T 

U 1010101 00111 U U U 

V 1010110 11110 V V V 

w 1010111 10011 w w w 

X 1011000 11101 X X X 

Y 1011001 10101 Y Y Y 

z 1011010 10001 z z z 

SP * x100000 00100 SP SP SP 

! a x100001 01101 ! • 1/4 

" b x100010 10001 + " 

# c X100011 10100 # IZ! # 

$ d X100100 01001 $ $ 
& f X100110 11010 & E3 & 

' g X100111 01011 ' BELL ' 

( h 
) I 

x101000 01111 ( ( 1/2 ( h 
) I X101001 10010 ) ) 3/4 

, I X101100 01100 » 1 7/8 

- m X101101 00011 - -
. n X101110 11100 
/ 0 X101111 11101 / / / 
0 p x110000 10110 0 0 0 

1 q x110001 10111 1 1 1 

2 r x110010 10011 2 2 2 

3 s x110011 00001 3 3 3 
4 t X 1 1 0 1 0 0 01010 4 4 4 

5 u X 1 1 0 1 0 1 10000 5 5 5 

6 v X 1 1 0 1 1 0 10101 6 6 6 

7 w X 1 1 0 1 1 1 00111 7 7 7 

8 x x111000 00110 8 8 8 

9 y X 1 1 1 0 0 1 11000 9 9 9 

: z X 1 1 1 0 1 0 01110 1/8 

» X 1 1 1 0 1 1 11110 » = 3/8 
? X 1 1 1 1 1 1 11001 ? ? 5/8 

CR 0001010 01000 CR CR CR 

LF 0001010 00010 LF LF LF 

BELL f 0000111 00101 BELL 
1 

BELL 

'X = 1 oro Fig. 2. ASCII-Baudot conversion table. 



very hot, and somet imes prints 
garbage. All of that TTL draws a 
fair amount of current ; you 
could a lmost fry eggs over the 
PROMs. 

Photo 2 shows the result of 
the p ro jec t—a model 15 that 
works in paral le l ASCII. Fig. 2 
shows the ASCII /Baudot trans-
lat ion per formed by the board. 
For those who are unfami l iar 
w i th Baudot teleprinters, the 
reason for the three co lumns is 
that there are a number of dif-
ferent sets of f igures symbols 
for Baudot te letypewri ters. The 
three i l lust rated are the most 
c o m m o n ( a s i d e f r o m t h e 
weather keyboard, wh ich con-
tains numerous meteoro log ica l 
symbols). 

The commun ica t i ons sty le is 
the unof f ic ia l s tandard and the 
style the GPA-B was designed 
to match. The CCIT is probably 
the most c o m m o n commerc ia l 
keyboard around at present. 
The Bell keyboard is found on 
old Telex machines. When as-
sembling the ki t , be sure to put 
the PROM labeled " L " (Letters) 
on the top of the board and the 

PROM marked " F " (Figures) 
underneath it. This is not men-
t ioned in the d i rect ions. 

Conclusion 

Ray has three boards f rom 
MMM (two of them f rom a PC-
board suppl ier who no longer 
makes th ings for MMM). He got 
them a couple of years ago and 
has no compla in ts about the 
qual i ty . None of these have 
been powered up yet, so I can' t 
c o m m e n t on how wel l they 
work. 

I don ' t really enjoy trouble-
shoot ing hardware, especial ly 
when the problems come f rom 
other people's mistakes and 
care lessness. Had I worked 
overt ime for the amount of t ime 
I spent on th is kit, I cou ld have 
bought another computer and 
done the convers ion in soft-
ware. 

Consider ing delivery, qual i ty 
and design, I shal l let you guess 
when I w i l l buy anyth ing more 
f r o m M i n i M i c r o M a r t . Of 
course, if the winter is co ld 
enough, you never know what 
might freeze over t® Photo 2. The final result. 

LOW POWER 
16K STATIC 
• 6 5 0 mfl + 5 Volts 

9 0 mA + 1 2 V; 1 6 mA - 5 V 
• NEC uPD - 4 1 0 • 

2 0 0 ns access 
• Fully socketed 
• Gold-plated contacts 
• Silk screen, solder mask 
• REL II testing of logic ICs 
• Each 4k independently 

addressable to any 4k 

The best combination of speed, low power and price. Prompt delivery. 
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$330 kit 
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Joe Roehrig 
Box 74 
Middle Village NY 11379 

Bowling Scores for Dollars 
There's money to be made from this sport— and not just on the "bowling for bucks" TV 
shows. This article explains how. 

Wow, what a package/ This is 
very likely one of the best 
money-making ideas ever 
presented in the pages of 
Kilobaud. If you give it a go, 
we'd be interested in hearing 
about your successes (and 
failures). Joe Roehrig will be 
happy to provide a copy of the 
program if you send him a 
blank minidiskette and $5. 
—John. 

Now that my micro data-
processing system has 

been up and running for a year, 
it is time for the system to earn 
its keep and generate profits. 
Computers are specialists in 
handling large volumes of fig-
ures in a fast, accurate manner. 
Thus, a small businessman 
w i th a DP sys tem shou ld 
search for an application that 
processes data for a third party 
. . . sav ing the t h i r d par ty 
money while generating profits 
for the entrepreneur. 

For the last 20 years, I have 
been bowling or scoring in 
bowling leagues. Up until a few 
years ago, scorekeepers manu-
ally tallied the scoring sheets 
for 50 to 75 cents per team per 
night. With 20 teams in a 
league, 36 weeks of bowling a 
year and a 50-cent rate, this fee 
comes to a modest $360 an-
nually. 

However, if a bowling center 
has three leagues per day, 
seven days per week, the gross 
scor ing revenues come to 
$7560 per year. Taking this one 
step further, $151,200 worth of 
revenue could be generated by 

Fig. 1d. 
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Leagues .. . know All 
There Is To know & More! 

An established company wants you to have all 
of this data and more at your fingertips. That's 
why COMP-U-SEC 300 is prepared to offer you 
a new and exciting advancement to an outdat-
ed mode of maintaining statistics. 

Now your league can have all of this and 
more, each and every week. Everything for 

the average cost of one candy bar for each 
bowler, each week, only 13c. 

Our system is so new, so advanced and so 
unique, it will astound you! Today's 

most advanced computers and our 
highly skilled programmers will cus-

tom build the scoring system best 
suited for your league. Our sys-

tem is designed for the league 
bowler, our checks and dou-

ble checks leave no room 
for errors. Hot only 

, ,. will you be assured 
, j / ^ o f accuracy but 

number of leagues. J I X l l f A *0U Wl" 3,50 

but hurry; as you ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ Save your 
leagues league 

begin soon. If you're smart, ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ money! 
you won't want to miss one 
week without COMP-U-SEC 300. 
Simply fill out the blanks below and 
send it to us, or let us know by phone 
where you are and we'll come and get it. 
There is no obligation. Learn today how you 
can benefit your league with the help of today's 
most advanced computers and technology at a 
price even your secretary will like, just 13c each week 
each bowler. 

COMP-U-SEC 300 is waiting to serve you and your league! 

Name 

CaapfeM 
» f r » H r W 

• Positions 
• Series 
• Last 3 Games 
• Standings 
• Averages 
• Triplicates 
• Handicap 
• Wins 
• Losses 
• Total Pins 
• High Game 
• High Series 
• Percentages 
• Lanes 
• Century Score 
• Graphs SSL. 
• Listings W E S S S 
• Indiv. Points 

ICa/0 
«C 

Address IStreetI 
Telephone 
League Name 
League Office 

COMP-U-SEC 300 
300 East Homestead Ave., Plsd. Pk.. N.J. 
Tel #201-944-3928 Zip - 07650 

.Apt. 

.League Alley. 
League Started I I— # Bowlers 



Dear Manager, 
We are happy to announce the start of a new service for bowling centers that 

can increase your revenue and facilitate the organization of bowling leagues 
within your center. 

The service being offered is computerized statistics for your bowling league 
Normally, this function is performed manually by a person who charges the 
league between 50t to 75« per team per week. Our service will be provided to the 
league through you at a cost of 35« per team per week. You. as the manager of a 
bowling center, can bill the league whatever amount you feel is appropriate. 
Assuming you charge the league 75t per team per week and have three leagues 
per day with 20 teams each, you would be increasing revenues by $315 per week. 
Your profit would be $168 and $147 would be paid for our service. We used a 75t 
price to the league in our calculation since our service is superior to anything 
done manually. 

What will you have to do? Very little. The following is a step-by-step outline of 
the easy procedure: 

1. Return the enclosed postcard telling us how many leagues you want us to 
service and approximately how many teams in each. 

2. We will send you forms to give out on opening night of your league. The 
bowlers will enter their names and average on these sheets. (After opening night 
your bowlers will never enter their names on a score summary again . . . our 
computer will print this information for the remainder of the season ) 

3. Fill out a simple form describing the league's rules or send us the league 
rules. Give us a schedule or ask us to formulate a schedule. 

4. Collect the forms. 
5. We will collect the forms weekly from you for computer processing or sup-

ply an envelope for their mailing to us depending on your volume. At time of col-
lection you will be required to pay for one week's data processing (35c per team). 

6. The weekly statistics will be delivered to you. 
We will attempt to verify all ABC averages and will prepare a year-end list of 

averages for ABC filing. 
Regarding our background, the person assigned to this project has been in-

volved in bowling, bowling scorekeeping and league statistics for nearly 20 
years. We can handle any size league, any number of players per team and any 
set of rules. If you ever become dissatisfied with our service, you can terminate 
immediately and we will supply you all our data on your league. 

Attached is a very short sample of a four-team league and a copy of a weekly 
score sheet to be filled out by the teams. These are just samples, and actuals 
will be on four-part paper 

If you want more details, give us a call or just return the enclosed postcard. 

Sincerely, 

Joseph J. Roehrig 

Fig. 1a. 

servicing 20 bowl ing centers. 
The problem now is market-

ing the idea. The approach I 
recommend is to deal w i th the 
bow l i ng center d i rec t l y and 
share the revenue f i f ty - f i f ty . 
Why so generous? Because 
wi thout the cooperat ion of the 
center to recruit leagues and to 
col lect scores for the scor ing 
service, there would be no rev-
enues at all. Fig. 1a shows a 
sample letter that could be sent 
to numerous bowl ing centers. A 
second approach, advert is ing 
in bowl ing trade publ icat ions, 
is shown as Fig. 1d. A person 
w i th t ime to visit the bowl ing 
centers could do person-to-per-
son market ing. 

After reviewing Fig. 1 and 
th ink ing about your share of 
$151,200, you should be ready 
to see how your new business 

runs, assuming your marketing 
has been successful and the 
customers are c lamoring for 
your service. (The tools I use for 
processing bowl ing scores are 
an Imsai 8080, North Star Disk, 
24K of memory, DECwriter, an 
ADM3, North Star BASIC and 
the sof tware contained in this 
article.) 

The f i rst quest ion is how to 
s tore the data. In i t ia l ly, my 
North Star Disk was generating 
a lot of hard-disk errors (a hard-
ware problem later corrected 
by the local computer store). 
Therefore, the sof tware design 
kept disk reads and wri tes to a 
min imum during program ex-
ecut ions by assigning an area 
of memory exclusively for ex-
amine and f i l l (peek and poke in 
Altair BASIC) operat ions. 

This art icle wil l not deal wi th 

Fig. 1. The key to the entire operation lies in your marketing ap-
proach. Fig. 1a is a copy of the letter I sent out to various bowling 
centers. Fig. 1b is a sample of a four-team printout. Fig. 1c is a 
sample weekly score sheet to be filled out by the teams. Fig. 1disa 
sample of another approach—an advertisement in a bowling pub-
lication (The Sports Reporter;. 

NYAC MIXED 01/14/78 

WIN - LOSS HIGH HIGH TOTAL 
POS TEAM UON LOST PERCENTAGE GAME SERIES AVERAGE UOOD 

1 RED ( 1) 9.0 5.0 .643 738 2112 677.00 4062 
2 GREEN ( 3) 7.0 7.0 .500 816 2448 734.50 4407 
3 WHITE ( 4) 7.0 7.0 .500 817 2304 762.67 4576 
4 BLUE ( 2) 5.0 9.0 .357 773 2162 655.33 3932 

NAME ENT *G H-G H-S WOOD AVE == NAME ENT *G H-G H-S WOOD AVE 

1 RED == 2 BLUE 
HARCOHE 140 6 110 330 642 107.0 == GRANT 140 6 111 333 603 100.5 
SANDY 135 6 121 360 701 116.8 == TORRE 135 6 120 342 642 107.0 
BROTHMAN 110 6 132 390 769 128.2 == MILLAN 110 6 132 381 711 118.5 
JDELLY 170 6 211 538 958 159.7 == BERRA 170 6 220 541 961 160.2 
SIMMON 180 6 181 542 992 165.3 == MARTIN 180 6 190 565 1015 169.2 

3 GREEN mm 4 WHITE 
MANTLE 140 5 131 393 584 116.8 == HILL 140 6 150 416 806 134.3 
MORRIS 135 6 141 423 756 126.0 == JORDON 135 6 143 426 755 125.8 
ROTH J 110 6 151 453 794 132.3 == LIPSON C 110 6 160 456 858 143.0 
ROTH G 170 6 171 513 975 162.5 == LIPSON L 170 6 233 603 1089 181.5 
LACEY 180 6 222 666 1188 198.0 == KALIN 180 6 192 554 1068 178.0 

HIGH SCORES 
POS NAME AYE NAME H-S NAME H-G 

1 LIPS0N C 143 LIPSON C 456 LIPSON C 160 
2 HILL 134 ROTH J 453 ROTH J 151 
3 ROTH J 132 J0RD0N 426 HILL 150 

1 LACEY 198 LACEY 666 LIPSON L 233 
2 LIPSON L 181 LIPSON L 603 LACEY 222 
3 KALIN 178 MARTIN 565 BERRA 220 

Fig. 1b. 

the detai led design of the soft-
ware, but wil l show the reader 
exactly how to use the pro-
grams presented. 

The Software Package 

The f irst program in the bowl-
ing package sets up the bowl-
ers' names, averages, sex and 
s ta tus (discussed later), which 
must be entered on a disk. The 
programs can handle any com-
binat ion of up to 210 bowlers 
p lay ing on as many as 30 
teams. To avoid hard-disk error, 
th is in format ion was entered 
on a disk by wr i t ing a nine-line 
program (excluding data) that 
uses the bowl ing informat ion 
as data statements. Thus, the 
North Star BASIC edit func-
t ions can be used to enter data 
and execute the program over 
and over again after it is wr i t ten 
unt i l a disk is properly pre-
pared. L ist ing 1 shows th is pro-
gram. 

Variable Z in l ine 1 repre-
sents the teams (1 to 30); Z1 
shows the number of players 
on each team (any number as 

85 J ) 



LANES 5 6 4 WHITE 1 RED UEEK * 3 

NAME AVE = 1ST = 2ND = 3RD = TOT = NAME AVE = 1ST = 2ND = 3RD = TOT 

HILL -135 = = = = = HARCOHE -135 = = = = 

J0RD0N -130 = = = = = SANDY -130 = = = = 

LIF'SON C-143 = = = = = BROTHMAN-128 = = = = 

LIPSON L-181 = = = = = JOELLY -165 = = = = 

KALIN -178 = = = = = SIMMON -175 = = = = 

TOT = = = = TOT. = = = = 

WON HAND= = = = = -U0N HANI = = = = 

LOST TOT = = = = =-LOST TOT. = = = = 

Fig. 1c. 

LANES 1 2 I L L 2 UEEK * 1 

NAME AVE = 1ST = 2ND = 3RD = TOT = NAME AVE = 1ST = 2ND = 3RD = TOT 

SUE L. -117 = lc\. = = <H = = ANGELA -110 = = 

MAGGIE S-140 = Itf = = 
" I V ] = RALPH S »-140 » |0."j_ = i l l - l i -J = 3 S J 

FRANK P.-140 3 l o t " IV* = |VH •JMI = RENEE L•-125 = iiTl • i<n = 

BILL L. -131 = - IV/ = = JOHN -123 = = lo -3V ! 
CHARLIE -144 = \V1 = low = IW - V N = TED R. -144 = = l i t - Su 

672 = - = = 642 = = u<: 
WON | HAND= 0 * 0 = 0 = = -U0N £ HAND= 27 = 27 = 27 

LOST ^ TOT U l = UH = = =-LOST 1 TOT = (ptl = = n x -

Fig. 4. Filled-in data-entry sheet. 

FILE :MIXI 
DATE !10/03/77 
UEEK !2 
LANES :l 
ON LANE 1 ? 4 
ON LANE 2 ? 6 
ON LANE 3 ? 2 
ON LANE 4 ? 5 
ON LANE 5 ? 1 
ON LANE 6 ? 3 
4 6 2 S 1 30 TO FIX ? 4 

SET ? 

Fig. 3. Input for program run 
1. 

Data Entry 

The data for th is program in-
c l u d e s t h e e i g h t - c h a r a c t e r 
team name, fo l lowed by eight-
c h a r a c t e r p l a y e r s ' n a m e s 
coupled to a f ive-digit number. 
Lines 5000 to 5003 of List ing 1 
show the data for team 1. The 
f ive-digit number corresponds 
to each bowler 's average, sex 
and status. Therefore, the first 
bowler in l ine 5000 is "Sue L," 
who has a 11710 fo l lowing her 
name . The n u m b e r b reaks 
down as fo l lows: 117—bowl ing 
ave rage ; 1 — s e x is f e m a l e 
(11700 would be a male wi th a 
117 average); 0—sta tus . 

Fig. 2 shows how the above 
program, "Se tup 1," runs. For 
the f i rst execut ion, a 1 is en-
tered to clear memory locat ion 
30470 to 32767, wh ich wi l l be 
used for the actual scores. A 0 
is entered for the next run and 

long as the number of players 
does not exceed 210). Variable 
Z2 is 2 for a mixed league (both 
male and female players) or 1 
for a league wi th only one sex 
part ic ipat ing. Z3 represents the 
number of games required by a 
status 0 bowler to establ ish an 
average; Z4 appl ies to a status 
1 bowler. This a l lows the flex-
ibi l i ty to require establ ished 
bowlers to bowl a certain num-
ber of games to get a revised 

average, whereas a di f ferent 
number may be required for 
new bowlers. Variable Z5 sets 
the max imum number of pins 
for an establ ished bowler to 
lower his average. 

Note: Some of these vari-
ables are included in the bowl-
ing package to handle the more 
complex average ca lcu la t ions 
required by a few very sophist i-
cated leagues that compete for 
high-prize money. 

0 FOR NEW OR 1 TO CLEAR RAM! 1 
READY 
RUN 

O FOR NEW OR 1 TO CLEAR RAM: O 
FILE tMIXl 
READY 

Fig. 2. Initialization sequence. 

FILE: MIX! 
TEAM: I 
SUE L. SCORES 106 .78 .?4 278? 
MAGGIE S SCORES 128,131.178 437? 
FRANK P. SCORES 104 ,153 ,134 3?1? 
BILL L. SCORES 132.156.134 422? 
CHARLIE SCORES 13?.106.128 373? 

SCORES 0,0.0 0? 
HANDICAP 0,0,0 0? 
BLIND 0,0,0 0? 

60? 624 668 1?01 
UION-LOST 1,5 OK 
OK TO UPDATE FILE ? 
FILE UPDATED 
TEAM: 2 
ANGELA SCORES 116.114.74 304? 
RALPH S. SCORES 104.121.123 348? 
RENEE L. SCORES 127.107.?? 333? 
JOHN SCORES 0.0.0 0? 
TED R. SCORES 182,178.156 516? 

SCORES 0.0.0 0? 
HANDICAP 27.27 .27 81? 
BLIND 113.113 .113 33?? 

66? 660 5?2 1?21 
UION-LOST 5.1 OK 
OK TO UPDATE FILE 
FILE UPDATED 
TEAM! 0 
READY 

Fig. 5. Entering data from data-entry sheets (provided by 
various teams). 



the computer asks for a f i le 
name. MIX 1 is entered and all 
the names are wr i t ten in this 
disk f i le. 

The main program, ca l led 
RUN 1 (List ing 2), can now be 
executed. Fig. 3 shows how th is 
program runs. It asks for the fi le 
locat ion of the bowlers' names, 
the date, the week (1 for f irst 
week of bowl ing, 2 for second, 
etc.), the league lanes and 
which team is on each lane. The 
program prints the lane assign-
ments; an input of 0 lets you 
change them in case of error. 
Finally, the program asks "set 
?" wh ich a l lows you to set your 
paper to l ine one and push car-
riage return. Fig. 6 is the print-
out wh ich fo l lows. 

Fig. 3 gives the inputs for 
week 2. For the f i rst run, you 
should enter 1 for the week and 
the computer wi l l generate all 
blank forms. The blank forms 
are suppl ied to the bowl ing cen-
ter as input sheets to be used. 
Fig. 4 shows how th is blank 
form is f i l led out by the bowl-
ers. The completed form is col-
lected by the center and re-
turned to you for processing. 

List ing 3 is the input program 
—INPUT 1. Fig. 5 shows the 
data f rom Fig. 4 being entered 
into the computer . The program 
asks for the f i le name and then 
the team number. The comput-
er then pr ints the name of each 
bowler. Enter the three scores 
and press return; a to ta l is 

pr inted by the computer for ver-
i f icat ion. This avoids input er-
rors, s ince the tota l should 
agree wi th the input sheet. 

To go to the next bowler push 
carr iage return. Any character 
except a carr iage return wil l 
cause the computer to ask for 
t h e s a m e b o w l e r ' s s c o r e s 
again. This al lows for the imme-
diate correct ion of errors. 

Note that after Charlie in Fig. 
5, scores are st i l l sol ic i ted by 
the computer. This is done be-
cause an extra player was put 
on each team to provide for 
possible expansion. Next, the 
computer asks for the handi-
caps and, f i na l l y , for b l ind 
s c o r e s — s c o r e s not ac tua l ly 
bowled but assigned to absen-

NYAC MIXED 10/03/77 

UIN - LOSS HIGH HIGH TOTAL 
POS TEAM UION LOST PERCENTAGE GAME SERIES AVERAGE UOOD 

1 LIONS ( 2) 5.0 1.0 833 669 1921 640.33 1921 
2 BEARS ( 3) 5.0 1.0 833 694 1995 665.00 1995 
3 ROBBERS ( 6) 5.0 1.0 833 732 2053 684.33 2053 
4 TIGERS— ( 1> 1.0 5.0 167 668 1901 633.67 1901 
5 LANCERS < 4 ) 1.0 5.0 167 693 • 1974 <5 58.00 1974 
6 MAN' TANS ( 5) 1.0 5.0 167 614 1841 613.67 1841 

NAME ENT *G H-G H-S WOOD AVE = = NAME ENT *G H-G H-S UOOD AVE 

1 TIGERS— mm 2 LIONS 
SUE L. 117 3 106 278 278 92.7 = = ANGELA 110 3 116 304 304 101.3 
MAGGIE S 140 3 178 437 437 145.7 = = RALPH S. 140 3 123 348 348 116.0 
FRANK P. 140 3 153 391 391 130.3 = = RENEE L. 125 3 127 333 333 111.0 
BILL L. 131 3 156 422 422 140.7 = = JOHN 123 0 0 0 0 .0 
CHARLIE 144 3 13? 373 373 124.3 = = TED R. 144 3 182 516 516 172.0 

0 0 0 0 0 .0 0 0 0 0 0 .0 

3 BEARS mm 4 LANCERS 
MRS. D 110 0 0 0 0 .0 = = MRS. H. 110 0 0 0 0 .0 
RENEE B. 120 0 0 0 0 .0 = = NELSON H 140 0 0 0 0 .0 
SANDY 106 3 138 347 347 115.7 = = PAT R. 119 0 0 0 0 .0 
BILL D 140 0 0 0 0 .0 = = ELSIE 110 3 125 286 286 95.3 
CHUCK R 154 3 204 496 496 165.3 = = JOE R. 167 3 226 581 581 193.7 

0 0 0 0 0 .0 0 0 0 0 0 .0 

5 MAN'TANS mm 6 ROBBERS 
CAROL 103 3 112 291 291 97.0 - - POLLY 110 3 163 391 391 130.3 
EILEEN 120 3 128 307 307 102.3 = = FAT J. 105 3 128 347 347 115.7 
KATHY M. 141 0 0 0 0 .0 = = JOE U. Ill 3 140 356 356 118.7 
BLIND 140 0 0 0 0 .0 = = JOE C. 144 0 0 0 0 .0 
PAUL S. 155 3 144 400 400 133.3 = = RICHIE M 155 3 181 437 437 145.7 

0 0 0 0 0 .0 
= = 

0 .0 0 0 0 .0 

HIGH SCORES 
POS NAME AYE NAME H- s NAME H-G 

1 JOE R. 193 JOE R. 581 JOE R. 226 
2 TED R. 172 TED R. 516 CHUCK R 204 
3 CHUCK R 165 CHUCK R 496 TED R. 182 

1 MAGGIE S 145 MAGGIE S 437 MAGGIE S 178 
2 FOLLY 130 POLLY 391 POLLY 163 
3 PAT J. 115 SANDY 347 SANDY 138 

Fig. 6. The finished product. 

LANES 5 

NAME 

6 

AVE = 

1 TIGERS— 

1ST = 2ND = 3RD = 

3 BEARS 

TOT = NAME AVE = 1ST = 2ND 

WEEK * 2 

= 3RD = TOT 

SUE L. - 92 = - = MRS. D -110 = = 

MAGGIE S-145 = = - = RENEE B.-120 = = 

FRANK P .-130 = = = = SANDY -115 = = 

BILL L. -140 = = = BILL D -140 = = 

CHARLIE -124 = = = = CHUCK R -165 = = 

- 0 = = = - 0 = = 

631 = = = 650 = = 

UION HAND= 17 = 17 = 17 = = -UION HAND= 0 = 0 0 

LOST TOT • = = = =-LOST TOT • = = 

Fig. 7. Updated data-entry form for distribution to team. 
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tee players. 
Fig. 4 shows John is absent; 

ABS was entered next to his 
scores, all of which are ten pins 
less than his average (blind 
scores). In Fig. 5, John's scores 
are not entered next to his 
name but are entered as blind. 
The computer pr ints the point 
totals to be compared and then 

2A00 

BYE 
*UI 
DOS 4 10 0 
B 14 40 1 
SETUF'l 54 24 2 
SETUP2 78 24 o 
SETUP3 102 24 
INFUT1 126 24 2 
INFUT2 150 24 2 
INPUT3 174 24 2 
RUN1 198 24 2 
RUN2 222 24 2 
RUN3 246 24 2 
DATA1 300 10 3 
DATA2 270 10 3 
MIX1 280 10 3 
MIX2 290 10 3 
*SF DATA1 7706 
*SF DATA2 7706 
*G0 B 

READY 
PRINT FREE(0 > 
9105 

READY 

Fig. 8. Bowling-package direc-
tory. 

asks for the won and lost 
points, wh ich are suppl ied by 
the bowlers on the input sheet. 

A carr iage return after OK TO 
UPDATE FILE? enters the data; 
anyth ing else erases all the in-
put. A carr iage return s igni f ies 
your approval of each individual 
input line; anyth ing else a l lows 
for the re-input of the line. Team 
0 ends the input program. All in-
put need not be done at the 
same t ime. However, before the 
m a c h i n e is t u r n e d o f f t he 
scores must be saved by copy-
ing memory locat ions 30470 to 
32767 to a f i le. Wi th the North 
Star Disk System, th is is done 
by: 

BYE 

SF DATA1 7706 

This assumes f i le DATA 1 was 
created. The 7706 is hex for the 
start of the memory locat ions 
to be saved. 

Fig. 6 shows the f in ished 
product generated by program 
RUN 1 (List ing 2). Fig. 3 de-
scr ibes the input required for 
th is run. Fig. 7 shows a new 
blank input fo rm generated by 

RUN 1. The averages have been 
updated; a compar ison of Team 
1's averages to those shown in 
Fig. 4 i l lustrates how they've 
changed. A spel l ing correct ion 
and team names were also add-
ed by edi t ing program SETUP 1 
and running it again. 

Fig. 8 shows the table of con-
tents for my bowl ing package 
d isk—three copies of each pro-
gram and two of the data. In 
th is f igure, Nor th Star BASIC is 
referred to as B. My system has 
24K placed in addresses 8192 
to 32767. Address 2A0A (hex) 
was changed to 76 (hex) to use 
addresses 30470 to 32767 for 
f i l l and examine inst ruct ions. 
Therefore, GO B and Print Free 
(0) y ield 9105 bytes. 

Wrap-up 

Good luck wi th th is appl ica-
t ion. Just remember to concen-
trate on market ing and maybe 
add some new fea tu res to 
these programs to at ta in an 
edge. I have several leagues en-
rol led now and plan to improve 
my service. Maybe we wi l l be in 
c o m p e t i t i o n . • 
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Dr. Jack W. Crenshaw 
2114 Cecille Dr. SW 
Huntsville AL 35803 

It's Here: Machine Language 
for the TRS-80 

A description of a new monitor program from Radio Shack for the TRS-80. 

Tired of playing blackjack 

with your TRS-80? Want to 
get down to serious business? 
If so, you've probably found 
that Radio Shack's 4K BASIC 
keeps you insulated from most 
of the Z-80's impressive capa-
bilities. Wouldn't it be nice if 
there were some way to get out 
of BASIC and into the guts of 
the machine? Well, there is! 

Radio Shack is now offering 
T-BUG, a 1K monitor program 
that permits you to use your 
TRS-80 as a limited develop-
ment system. I have been play-
ing with a copy for about a 
month now, and can report that 
it adds a whole new dimension 
to the u s e f u l n e s s of t he 
machine. 

Though I say limited, there is 
really no limit to what you can 
do with enough perseverance. 
However, it is only a 1K moni-
tor, and as such, is roughly 
comparable to the 6800 MIK-
BUG, or similar programs. I 
wouldn't want to develop a 
compiler with it, but it does 
open all kinds of doors most of 
us thought were closed. 

T-BUG comes on a cassette 
and loads like any ordinary 
tape, using CLOAD. There's 
one p r o f o u n d d i f f e r e n c e -
when the tape load is finished, 
you don't get the expected 
READY. Instead, you get a #, 
which tells you that you're free 
from BASIC! 

How does this happen? As 
near as I can tell, each tape has 
a leader block, which not only 
contains the usual information, 
such as the load address and 
length of record, but also the 

address at which execution is 
to begin. For all tapes gener-
ated by BASIC, this address is 
0000, and thus has the same ef-
fect as a reset. On the T-BUG 

tape, the address is the first in-
struct ion of T-BUG, which gets 
you going. 

Now, without going any fur-
ther into the detai ls of the moni-

tor, we already have some in-
triguing possibi l i t ies—such as 
writ ing our own tapes with cus-
tom operating systems for spe-
cial uses, or building a black 
box which simulates the input 
of that leader data. 

I suppose I knew that there 
had to be some kind of system 
like th is . . . how else could 
Radio Shack provide the as-
sembler/editor tapes? Stil l , i t 's 
nice to know how to do it your-
self. No, you can't write tapes 
with your own start address 
from T-BUG . . . it always starts 
at its own entry; but now you 
can get into the machine and 
make it do things your way! 

Note that the CRT display oc-
cupies address space. The CRT 
video genera t ion is to ta l l y 
transparent to the CPU. Just 
store an ASCII character in a 
location, and it 's displayed. In-
cidentally, the arrows on the 
four cursor control keys are dis-
playable as codes 5B through 
5E. 5F is the cursor (_) . 

Note also that the keyboard 
occupies 256 bytes of address 
space, and a lot more if you 
count the unused space around 
it. This may seem wasteful, but. 
in my opinion, is the cleverest 
feature of the whole computer. 
We have all seen systems with 
a m a t r i x - t y p e k e y b o a r d . 
Typically, you put out an 8-bit 
word to an output port, which 
is la tched and s t robes the 
rows of the matrix. The col-
umns are then read into an in-
put port. 

Radio Shack has reduced 
this concept to its bare essen-
tials: There are no ports . . . the 
keyboard ties right across the 

M nnnn Displays the contents of location nnnn in 
hex. If you wish to alter the contents, mere-
ly enter the new data. The monitor wil l then 
display the next location, etc. To skip to 
the next location without entering new 
data, press ENTER. 

X Gets you out of the M mode. It also is used 
to abort other commands, such as when 
you type the wrong value for an address. 

B nnnn Sets a breakpoint at location nnnn. When 
control reaches this location, it wil l revert 
back to the monitor. The manual says only 
one breakpoint can be set at once. This is 
not str ict ly true . . . you can set as many as 
you want, but the monitor wil l only remem-
ber the last one. 

F Removes a previously set breakpoint. This 
is where the remembering comes in! 

R Displays the contents of the registers. All 
registers, including the program counter, 
stack pointer and index registers are dis-
played. The contents of these registers 
cannot be altered directly using R. How-
ever, it can be done if you need to. 

P nnnn mmmm Writes the contents of locations nnnn 
through mmmm to the cassette. 

L Loads a program from cassette. The pro-
gram loads into the same locations it was 
written from. 

When I got my copy of T-BUG, the first thing I set out to 
do was to explore the memory space of the computer. As a 
result, I was able to draw the memory map shown below: 

OOOO-OFFF 4K BASIC monitor. 
1000-2FFF Empty ROM sockets for remaining 8K. 
2000-37FF' Unused. (Usable???) 
3800-3880 Keyboard. 
3881-3BFF Unused. 
3C00-3FFF CRT display RAM. 
4000-7FFF User RAM. 
8000-FFFF Expansion. 

Table 1. T-BUG instructions. 



address and data lines. When 
the keyboard is enabled by a 
h igh byte of 38, the low byte 
serves t o strobe the matr ix. 
Only one line of th is byte can be 
high at one t ime, which ex-
plains why the keyboard takes 
up so much room. Only the ad-
dresses 3801, 3802, 3804, 3808, 
3810, 3820, 3840 and 3880 are 
actual ly used. 

Now, here's the great part 
When an address l ine is high 
and a key in that row is de 
pressed, the key t ies the ad 
dress and data l ines together! 
This drives a data l ine high, and 
it is read as a byte wi th one high 
bit. In other words, to the CPU, 
the keyboard looks just l ike any 
other RAM. In th is case, there is 

Low Addr — 01 02 04 08 10 20 40 80 

Data 01 @ H P X 0 8 cr shf t 
i 02 A I Q Y 1 9 clr 

04 B J R 2 2 brk 
08 C K S 3 ; t 
10 D L T 4 i 
20 E M U 5 - — 

40 F N V 6 — 
80 G O w 7 / 0 

Fig. 1. Keyboard organization. 

a considerable so f tware over-
head for decoding. 

However, RS wisely made the 
r ight cho ices as to where to 
a l loca te so f tware and hard-
w a r e — use s o f t w a r e w h e r e 
speed is not an issue (key-
board) and hardware where it is 

(CRT). The organizat ion of the 
keyboard is laid out in Fig. 1. 

There are a few noteworthy 
points about th is organizat ion. 
First, the keys are essential ly 
sequent ia l in their ASCII order, 
so d e c o d i n g is r easonab l y 
s t ra igh t fo rward . Second, the 

shi f t key is in a co lumn by itself, 
so it can be used wi th any other 
key. I r e p e a t . . . any other key, 
so if you wish you had not only 
lowercase, but also more spe-
cial keys, you can get them. 
Would you believe shif t-space 
bar? Finally, if you really want 
t h e m , t h e r e ' s r oom in the 
matr ix, if not on the keyboard, 
for five more keys. 

As you can see, I've been hav-
ing a lot of fun wi th T-BUG so 
far; and I've hardly begun to 
wr i te sof tware! It is a fairly 
l imi ted monitor, in keeping with 
its size. If I had wr i t ten it, I prob-
ably would have done things a 
l i t t le di f ferent ly. And since I 
now have the capabi l i ty, that 's 
what I 'm d o i n g ! • 

TH€ GOMPUT6R CORNCR 

White Plains Mall, Upper Level 
200 Hamilton Ave. 

White Plains NY 10601 
Phone: (914) WH9-DATA 

Near Bronx River Parkway & 
Cross Westchester Expressway. 
Plenty of parking. 

"The S100 Bus stops at 
White Plains" wi th one of 

the largest collections of boards 
compatible with the Altair Bus 
(also IMSAI) in the greater NY 
area.. 

You've read about the 
Sol-20, now come up and 

see it. We carry Processor Tech, 
Polymorphic, IMSAI, North Star, 
TDL, Blast Master and Pickles 
and Trout. 

GOOD PRICE AND SERVICE 
10-6 Mon. Sat. 

Thurs. t i l l 9 C 28 
THC COMPUTER CORNGR 

16K 
S-100 

STATIC RAM 

$295 
• FULLY STATIC (Not Pseudo Stat ic) 
• PHANTOM DISABLE (A16) 
• MWRT OR PWR 

• FULLY BUFFERED 
• 128-2102L1PCS 
• 4 0 0 N S GUARANTEED ( 2 5 0 N S TYP.) 
• ASSEMBLED/BURNT-IN 
• 90-DAY GUARANTEE 

Also: 
8K STATIC RAM s155 
2102L1PC *1.40 

Com Residents odd 6% • Moster Charge & Visa we lcome 

P.O. BOX 17296 
IRVINE, CA. 92713 

G15 
(714) 751-7341 

APPLE 
OWNERS 

Interactive Trap and Chase games for 
two people. Software allows choice of 
speed and points and requires 8K RAM. 
Hardware consists of two game control 
boxes. Each box has four micro switches 
and specially designed printed circuit 
with 5 feet of cable completely assembled. 
Plugs right into your game I 'O connector 
Control boxes can also be used with the 
game Dragon Maze 

Hardware and software cassette— 
$49.95. (Texas residents add 5% sales 
tax.) 90 day warranty parts and labor. 
Guaranteed 30 day delivery. Allow time 
for processing personal checks. Send 
check or money order to: 

B & G Interfaces 
P.O. Box 59364 
Northhaven Sta. 
Dallas. Tx. 75229 

B28 

IDS INTERNATIONAL DATA SYSTEMS, INC. e, 
•repaid Shipping added To COD 

4 0 0 Nor th W a s h i n g t o n Street . Sui te 200. Falls C h u r c h . V i rg in ia 2 2 0 4 6 U . S . A . w ' n , m u f n order $1000 Master 

T e l e p h o n e (703 ) 5 3 6 - 7 3 7 3 

BIG SAVINGS ON PRIME COMPONENTS DUE TO MANUFACTURERS LARGE QUANTITY DISCOUNTS 
LOW POWER SHOTTKEY 74LS174 125 BAUD RATE GENERATOR 

74LS175 125 
74LS00 22 74LS192 245 MC14411 990 
74LS02 24 74LS193 245 
74LS04 24 
74LS08 28 TTL 600MHz PRESCALER 
74LS11 35 
74LS13 69 7400 15 11C90 1900 
74LS30 26 7406 29 
74LS32 34 74121 35 
74LS74 49 74150 85 PRIME INTEL 
74LS85 1 99 
74LS90 89 SHOTTKEY 8085 CPU 29 00 
74LS92 89 8251 USART 1050 
74LS125 63 74S00 40 8212 PIO 400 
74LS126 63 74S30 40 8155 29 00 
74LS151 95 74S132 1 10 8253 PIT 24 00 
74LS155 125 74S196 380 8255 PPI 22 00 110 



Dr. Mark Boyd 
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Dodge City KS 67801 

Two Systems 
Sharing the Same Bus 

Distributed computing comes to microcomputers with this clever I/O system. 

I believe this article is a first in 
computer-hobbyist publica-
tions. I don't recall ever seeing 
an article on interfacing two 
microcomputers. The tech-
nique is rather widespread in 
the world of the mainframes ... 
but I suspect Mark is only one 
of a handful of people who have 
done it with personal systems. 
—John. 

Many computer hobbyists 
have experienced (or wil l 

someday) the u l t imate frustra-

t ion: a ful l bus. To the ex-
perimenter (wi th good f inanc-
ing) who del ights in adding new 
gadgets to his computer sys-
tem, a ful l bus means that new 
b o a r d s c a n no l o n g e r be 
plugged in w i th impuni ty . Now 
a d e c i s i o n mus t be made . 
Which old board wi l l be re-
moved to make room for the 
latest board? 

One al ternat ive to this horri-
ble s i tuat ion is to buy a new 
computer for the new boards. 

Of c o u r s e , a l l t h o s e nea t 
boards in the old computer 
can' t be used in both com-
puters s imul taneous ly , and a 
great deal of dup l ica t ion be-
comes necessary. A better al-
ternat ive is to expand the bus 
of the or ig inal computer onto a 
second bus w i th i ts own cabi-
net, power supply, etc. This 
so lu t ion a l lows s imul taneous 
use of al l the boards, but it is 
a lmost as expensive as buying 
a second computer . 

Why not have the best of 
both al ternat ives? Extend your 
computer 's bus by inter facing 
it to another microcomputer ! 
This really isn't as d i f f icu l t as it 
sounds, and it gives you the 
c h o i c e of e i the r t w o inde-
pendent computers or one larg-
er compute r . The two com-
puters don' t even have to be the 
same type, a l though th ings get 
more c o m p l i c a t e d w i th d i f -
f e r e n t C P U s . T h i s a r t i c l e 
describes an inter face between 
two di f ferent microcomputers 
that use the Motoro la 6800 
CPU, but the same basic ideas 
could be used to inter face any 
two microcomputers . 

Overview 

I inter faced my two comput-

ers in an ar rangement that 
a l lows either ful ly independent 
operat ion or master-slave oper-
a t i o n . In t h e m a s t e r - s l a v e 
mode, the master computer 
t a k e s o v e r t h e s l a v e -
computer 's bus and uses the 
slave's memory and I/O just as 
if they were on the master 's 
bus. The mode of operat ion is 
under sof tware contro l by the 
master computer . 

My master computer is a 
Wave Mate Jupi ter II. This is a 
nicely des igned and executed 
system w i th many useful fea-
tures. My expansion bus (the 
slave mic rocomputer ) , wh ich 
doesn ' t need all the features of 
the master computer , is an 
SWTP 6800. Since both comput-
ers employ the 6800 CPU chip, 
much of the sof tware I use wi th 
the Wave Mate (WM) can be 
modi f ied to run on the SWTP. 
Moreover , the i n te r face be-
tween two buses designed for 
the same CPU chip is only 
s l ight ly more compl icated than 
an inter face between two iden-
t ica l buses. 

The SWTP is a lmost ideal as 
a slave mic rocomputer—i t is 
inexpensive, has a wide range 
of I/O available and is s imple 
and easy to modi fy for DMA (di-

My two-computer system. The SWTP part of the interface can be 
seen in the last SWTP slot. The two interface cables run from this 
board, through separate openings in the back panel, down to the 
WM part of the interface. 
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Fig. 1. Timing diagram for the M6800 microprocessor (from 
Motorola's M6800 Microcomputer System Design Data / 

rect memory access) by halt-
ing. (The required mod i f i ca t ion 
wil l be covered later in this 
article.) 

Since both microcomputers 
use the same CPU, the same 
basic s ignals must be used on 
both buses. Whi le the WM uses 
a 72-line bus and the SWTP 
uses a 50-line bus, only 29 l ines 
on the SWTP bus must be con-
trolled by a DMA device. I used 
33 d i s t i nc t c o n n e c t i o n s , in-
cluding the ground connect ion, 
between the two computers . 

Interface Considerations 

Before we get into the speci-
fic interface design, let 's con-
sider how to get the bus s ignals 
between the two computers . 
Overcoming th is problem, 
which is present in any bus ex-
tension, is probably the most 
crit ical part of the inter face 
design. 

Suppose you need to inter-
face two ident ica l mother-
boards. Why not use a r ibbon 
cable to connect the buses line 
for line? This seems to be a sim-
ple, inexpensive way to extend 
the bus. Unfor tunately, unless 
the cable is very short , it wi l l 
not work. 

The wires in a r ibbon cable 
are too c lose together and have 
too l i t t le sur face area to use as 
a computer bus. As a result , the 
signals on one line wi l l induce 
noise on the other l ines. The 
faster the s ignals on the lines 
change state, the larger the cur-
rent f low in the l ines, and the 
longer the l ines, the greater the 

induced noise problems. If the 
noise is enough to change the 
logic levels on some of the 
l ines, chaos results. 

The 6800 CPU synchronizes 
the changes in level of the ad-
dress l ines, VMA (valid memory 
address) and R/W (read/write) 
w i th the phase 1 c lock signal. 
Al l these l ines may change 
state only dur ing the f irst part 
of the machine cycle. The data 
l ines are synchronized wi th the 
phase 2 c lock signal. They 
change state dur ing the second 
part of the machine cycle. See 
Fig. 1 for a d iagram of these 
t im ing relat ionships. 

The noise induced by the 
changes in the l ines synced by 
the phase 1 c lock is not l ikely to 
interfere wi th normal computer 
operat ion. Fig. 1 shows the sig-
nals on the l ines synced by 
phase 1 are not val id when 
these changes occur, and the 
data l ines, synced by phase 2, 
are in a h igh- impedance state. 
Unless the noise pulses cause 
r inging in the l ines or are large 
enough to damage the ICs 
at tached to the l ines, they wi l l 
not upset the operat ion of the 
computer . 

When the data l ines change 
state, noise may be induced on 
the lines synced by the phase 1 
c lock. The s ignals on these 
( con t ro l and address ) l ines 
must be val id dur ing the last 
part of phase 1 and all of phase 
2. Since the data l ines change 
state dur ing the f i rst part of 
phase 2, noise may be induced 
on the phase 1 l ines at a t ime 

when they must be valid. If 
they ' re large enough, these 
noise pulses can really mess up 
the computer 's operat ion. 

The Ribbon Cable 

Several approaches can be 
used to minimize noise be-
tween the l ines of the r ibbon 
cable. Because noise problems 
can be extremely d i f f icu l t to 
t rack down and fix in an ex-
ist ing design, I used an overki l l 
approach, involving three dif-
ferent methods to minimize the 
noise in the r ibbon cable. 

1. Since the induced noise 
fal ls off rapidly as the conduc-
tors are moved apart, I 
separated the data lines f rom 
the other bus lines. I used two 
cables to carry the signals be-
tween the computers wi th 
spacers to keep them apart. A 
26-conductor r ibbon cable car-
ries all of the phase 1 synced 
signals and a 16-conductor rib-
bon cable carr ies the data 
l ines. 

2.1 part ial ly shielded the data 
lines by a l ternat ing them wi th 

J U P I T E R N 
BUS 
C O N N E C T I O N S 

ground l ines in the 16-conduc-
tor cable. This cuts down on the 
amount of noise radiated by 
these lines. These eight ground 
l ines are the only ground con-
nect ions between the com-
puters. This probably would not 
work if the r ibbon cable had to 
carry the actual bus signals, 
but, as we shall see, it does not. 

3.1 used drivers and receivers 
on all l ines running between the 
two computers, except for the 
ground l ines and one line used 
to init ial ize the halt control cir-
cuitry. This means that the rib-
bon cable does not need to car-
ry much current, and that the 
current- l imit ing resistors can 
be used to l imit the rate of 
change of the signals on the 
cable. It also means that the 
g round connec t i on between 
the computers carr ies l i t t le cur-
rent. 

The r ibbon cable conductors 
look, to the drivers, like a com-
pl icated network of capaci-
tance, inductance and resis-
tance. To change a line from its 
low level to i ts high level, its 

I N T E R F A C E 
CABLE 
CONNECTIONS 
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ADORESS BUS OUT 

> CONTROL LINES OUT 

Fig. 2. Wave Mate Jupiter II to SWTP 6800 interface: WM section. 
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equivalent capaci tance must 
be charged by the driver. To 
change it from high to low, this 
same capaci tance must be dis-
charged. The resistance and in-
ductance in the line, as well as 
the output current capabi l i t ies 
of the driver, determine the rate 
at which the line can be 
charged or discharged. For 
high-current drivers (e.g., 
8T26s), and moderate lengths 
of cable, the t ime constant for 
charging or d ischarging a line 
is a few nanoseconds (ns) or 
less. 

Microcomputer bus lines do 
not need to change state in ns 
Typical al lowed setup t imes for 
bus lines on the 6800, using a 1 
MHz clock, are 150 to 200 ns. 
Since noise problems increase 
with increasing rates of change 
on the bus lines, it makes sense 
to slow the lines down to the 

rate needed by the computer 
system. 

Current- l imi t ing resistors 
can be connected between the 
drivers and r ibbon-cable con-
ductors to l imi t the rate l ines 
can be charged or d ischarged. 
The receivers I used require 
less than .2 mA of current f low 
in the r ibbon cable for proper 
swi tching. This means that if a 
.5 volt drop is the max imum al-
lowed across the resistor, the 
resistor could be as large as 
2.5k. 

Since typical r ibbon cable 
has an interwire capac i tance of 
10 to 20 pF per foot, the capac-
i tance seen by the drivers wi l l 
be on the order of 20 pF. A 1k 
resistor in series wi th a 20 pF 
capaci tor wil l al low the capac-
itor to charge to 98 percent of 
any voltage appl ied across the 
combinat ion in less than 100 

ns. This should not interfere 
wi th the normal operat ion of a 
microcomputer that uses a 
6800 CPU chip, but it wi l l sig-
n i f icant ly reduce noise prob-
lems in the r ibbon cable. In my 
design, w i th approx imate ly 18 
inches of r ibbon cable, I use 
470 Ohm resistors at the driver 
end of all un id i rect ional l ines 
and at both ends of the bidirec-
t ional l ines. 

The three methods above re-
duce the noise produced in the 
bus l ines, but it is a lso worth-
whi le to reduce the sensi t iv i ty 
of the phase 1 l ines to noise. 
Since we are using a driver-re-
ceiver scheme, we can use re-
ceivers that have a high noise 
immuni ty . TTL Schmi t t tr igger 
input inverters are ideal for th is 
purpose. 

The TTL Scmi t t tr igger has a 
di f ferent swi tch ing threshold 

when its input is going high 
than when its input is going 
low. For the output to swi tch 
low, the input must exceed ap-
proximately 1.7 volts. Once the 
output has swi tched low, the in-
put must go below approxi-
mately .8 vol ts to swi tch the 
output high again. Unlike nor-
mal TTL inputs, Schmit t tr igger 
inputs have no disal lowed 
range between low and high. 
These hysteresis characteris-
t ics give the Schmi t t tr igger in-
puts much greater noise im-
muni ty than regular TTL inputs. 

The Circuitry 

Now let 's look at the Wave 
Mate to SWTP interface design. 
The schemat ics for the two 
parts of the inter face are given 
in Figs. 2 and 3. Fig. 2 shows 
the logic located in the WM and 
Fig. 3 i l lustrates the logic in the 
SWTP. The two connect ing 
cables are denoted by Con (the 
26-conductor cable) and S (the 
16-conductor cable). I haven't 
shown the ground connect ions 
(every even-numbered line in S) 
or the repeated circui try in the 
address l ines and data lines. 

Most of the logic to convert 
the WM bus s ignals to the 
SWTP bus s ignals is located in 
the SWTP. This is because only 
half of a WM board was avail-
able for use in the interface. In 
any case, it makes sense to put 
as much interface as possible 
in the slave computer where it 
wi l l use power only when the 
slave is in use. 

In addi t ion to reducing noise 
problems, the driver, current-
l imi t ing resistor, receiver de-
sign also a l lows s imple cir-
cui t ry for independent use of 
the computers. When one com-
puter is unpowered, the cur-
rent- l imit ing resistors prevent 
excessive current f low f rom the 
drivers in the other computer . 
For fully independent operat ion 
of the two computers w i th the 
interface, 2k pul l-down resis-
tors were instal led on four of 
the 74LS14 inputs on the WM 
board and one on the SWTP 
board. These resistors prevent 
the interface from interfer ing 
wi th the operat ion of either 
computer when the other com-
puter is not powered or the in-
terconnect ing cables are dis-
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r 
m o d e m / 'mo • dam / [modu la to r 
+ demodula to r ] n - s : a device for 
t ransmiss ion of digital informat ion 
via an analog channel such as a tele-
phone circuit. 

rhose of us who live on the North American continent 
ire blessed with an incredible non-natural resource 
consisting of a gigantic web of tiny copper wires linking 
/irtually all of our homes and businesses together into 
:he greatest telecommunications network in history, 
fhe Bell System and over 1600 independent 
:elephone companies have been stringing wires 
and microwaves nearly everywhere for up to 
100 years. Now, the 80-103A Data 
Communications Adapter brings 
this amazing network to 
5-100 Micro 
Computers. 

v 

P v 

Aim \ The 
80-103A Data 

Communications 
Adapter is more than 

just a modem. It is a complete 
data communications sub-system 

combining on a single S-100 board 
functions which formerly required a 

modem, an automatic calling unit, and serial 
and parallel interfaces. This fully programmable 

unit gives you flexibility never before available at such 
a low cost. Fully assembled, tested, and burned in with 

full documentation and our standard 90 day warranty, the 
80-103A is available at retail computer stores across the country 

for only 279.95. 

—Visa and Mastercharge accepted— 

D.C. Hayes Associates Inc. 
P.O. BOX 9884 • ATLANTA, GA. 30319 • (404) 231-0574 

Distributed in Canada by TRINTRONICS LIMITED, Toronto H20 
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At $35, the Mul len Extender Board 
Kit wi th built-in logic probe has always 
been a great value . . . but when it 
came time to crank up a new produc-
tion run of boards, we couldn't resist 
adding a few small changes here and 
there to continue staying ahead of the 
pack. 

For example, our logic probe now 
reads out into a 7 segment readout; 
we've also included a pulse stretcher 
and a light whose brightness is propor-
tional to the duty cycle of a pulse 
stream (activates when probe reads H 
or high). There's a general-purpose 
breadboard area where you can 
develop circuits unique to your needs, 
wi th holes punched on a .1" grid. The 
edge connector is not only easier to 
mount and vir tual ly self-aligning, but 
also allows use of scope hooks . . . we 
could go on, but that's enough for now. 
Check out the new Mul len Extender 
Board at your local computer store to-
day, or order by mail (Cal res add tax) 
from: M32 

M U L L E N C O M P U T E R R Q A P f V i 
BOX 6214, HAYWARD, CA 94545 

connected. 
The in ter face uses 26 unidi-

rect ional l ines to carry informa-
t ion f rom one computer to the 
other. Twenty-one are used to 
supply in format ion to the 
SWTP. The other five l ines carry 
in format ion to the WM f rom the 
SWTP. We wi l l d iscuss these 
l ines in more detai l later. 

The b id i rect ional l ines (data 
lines) use 8T26 invert ing bus 
transceivers at the W M end and 
8833 noninvert ing bus trans-
ceivers at the SWTP end. The 
inter face must invert the data 
between the two buses be-
cause only the SWTP uses in-
verted data on i ts main bus. 

This is a good t ime to men-
t ion some poin ts about the 
logic nota t ion used by SWTP 
and WM. Logic levels can be 
def ined in two ways—TTL high 
is usual ly considered as true 
and TTL low is considered as 
false; it is equal ly val id to 
def ine TTL low as true and TTL 
high as false. Using th is nega-
tive, or inverted, logic changes 
the func t ions of most logic 
gates (e.g., a NAND gate be-
comes a NOR gate when the 
logic def in i t ions are inverted). 

Since it is convenient to mix 
both t rue and inverted logic 
def in i t ions in any compl ica ted 
logic design (it makes the 
design simpler), some conven-
t ion must be fo l lowed in nam-
ing the l ines to ind icate their 
logic def in i t ion. SWTP uses an 
overbar to indicate that TTL low 
is def ined as true; W M uses a 
superscr ipt * for the same pur-
pose. WM data lines are cal led 
DB0-DB7, ind icat ing high level 
true, whi le SWTP data l ines are 
cal led D0-D7, low level true. 
Other examples are the WM 
W R I T E * l i n e , w h i c h w r i t e 
enables the memory and I/O 
when it is low, and the SWTP 
BA line, wh ich indicates the 
SWTP bus is avai lable when it 
is high. 

Several cont ro l s ignals f rom 
the WM bus must be modi f ied 
before being p laced on the 
SWTP bus. CLK, the WM phase 
2 c lock s ignal , must be inverted 
to serve as 02 on the SWTP bus. 
MEM and 10, used by WM for 
enabl ing memory and I/O de-
vices, must be combined (using 
a NOR gate) to provide VMA, 

wh ich the SWTP bus uses for 
both purposes. 

Memory and I/O Access 

It is convenient to have the 
inter face modify both memory 
and I/O port addresses. This 
a l lows both computers to see 
their own memory s tar t ing f rom 
0000 and, in my setup, extend-
ing to 3FFF. The WM, however, 
sees the SWTP memory f rom 
4000 to 7FFF and uses loca-
t ions FF00 to FFDF for output 
ports, whi le SWTP uses 8000 
th rough 801F. The in ter face 
al lows it to address the SWTP 
output ports as if they were 
located f rom FF00 to FF1F on 
the WM bus. This al lows the 
WM moni tor , wh ich assumes 
I/O ports are located from FF00 
up, to be used wi th the SWTP 
I/O devices. 

I used data-selector logic to 
g e t d i f f e r e n t o f f s e t s f o r 
memory and I/O addressing. 
The 74LS157 quad 2-l ine to 
1-line data selectors act as 
4-pole double- throw switches. 
Two 74LS157s are used in the 
in ter face to a l low the WM IO 
line to contro l the o f fse t in the 
address placed on the SWTP 
bus. When IO is high, indicat ing 
that the WM is addressing its 
I/O ports, the B inputs on the 
da ta se lec tors are selected. 
These inputs are hard-wired to 
give an address of 80XX. When 
IO is low, the A inputs are 
selected. These inpu ts have 
A15 wired low and A14 inverted 
f rom the W M bus. 

These address-l ine modif ica-
t ions sh i f t addresses in the 
range 4000 through 7FFF on 
the WM bus to 0000 through 
3FFF on the SWTP bus. WM ad-
dresses not in the range 4000 to 
7FFF or FF00 to FF3F wi l l not 
enable the interface and can be 
ignored. The upper l imit of 
7FFF is necessary in my sys-
tem to prevent interference 
wi th the W M video display 
memory at 8000 to 87FF. The 
display memory could be relo-
cated (by reprogramming one 
of the moni tor EPROMs), and 
all 32K of the SWTP memory 
space made accessib le wi th 
minor changes in the inter face 
logic. 

The enable c i rcu i t ry for both 
memory and I/O access to the 



The complete interface. Only the two rear rows of the WM board 
(bottom of photo) are used in the interface. The other two rows are 
a WM serial interface. 

SWTP bus requires that BA be 
high, wh ich means that the 
SWTP A board is either hal ted 
or not p lugged into the bus. Ad-
di t ional ly , when BA is high, 
AB15 is low, AB14 is high and 
MEM is high, the 8T97 drivers 
on the SWTP bus are enabled 
for memory access. When BA 
and IO are high, AB7 is low and 
AB6 is low, the drivers are 
e n a b l e d f o r I /O a c c e s s . 

The data bus drivers are en-
abled whenever the 8T97s are 
enabled, but the d i rec t ion (read 
or write) depends on the 
WRITE* line. The enable 
signals for the bus t ransceivers 
are generated and used on the 
SWTP inter face board, but they 
must a lso be sent to the WM 
board to cont ro l the transceiv-
ers there. 

Both the 8833 and 8T26 bus 
transceivers have their bus in-
put and output termina ls con-
nected to the buses. This 
means that when the 8833s are 
enabled to wr i te to the SWTP 
bus, the 8T26s must be enabled 
to read f rom the WM bus. There-
fore, the read enable l ine for the 
SWTP becomes the wr i te en-
able l ine for the WM, and vice 
versa. The 8833 enable inputs 
for both reading and wr i t ing are 
act ive low, but the 8T26 enable 
for reading is act ive high (the 
enable for wr i t ing is act ive low). 
I inverted the read bus l ine f rom 

the SWTP on the WM board be-
fore sending it to the 8T26 wri te 
enable input. 

The RPLY* l ine is used by the 
W M to a l low s t re tch ing the WM 
CLK signal when access ing 
s low memory or I/O chips. The 
WM CLK signal is held high (up 
to 3.5 mic roseconds—us) unt i l 
approx imate ly .5 us after 
RPLY* goes low. Since the 
SWTP devices must be fast 
enough for a 1 MHz c lock, 
RPLY* is pul led low by the in-
ter face whenever it is enabled 
and CLK is high. 

The Master-Slave Relationship 

Now let 's look at how the WM 
can halt the SWTP when it 
wants to use the SWTP bus. 
The 6800 ch ip a l lows DMA by 
three d i f ferent methods: halt-
ing, cyc le s teal ing and mult i-
plexing. The s implest method, 
and the only pract ica l one us-
ing the SWTP, is hal t ing. The 
SWTP MP-A board, wh ich con-
ta ins the CPU, the c lock and the 
MIKBUG ROM and RAM, Is de-
signed for DMA by hal t ing, but 
it does require a very minor 
m o d i f i c a t i o n fo r f u l l DMA. 
Before we d iscuss the modif i -
cat ion, let 's look at how DMA 
by ha l t ing works on the 6800. 

The 6800 mic rocomputer is 
hal ted, log ica l l y enough, by 
pul l ing the HALT l ine low. This 
l ine may not change state ex-
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cept dur ing the first part of the 
machine cycle, but SWTP has 
provided a f l ip-f lop, c locked by 
the phase 1 clock, on the MP-A 
board to sat isfy th is require-
ment . There fo re HALT, the 
SWTP bus line, can be pul led 
low or al lowed to go high at any 
t ime. When low, the 6800 wil l 
complete its current instruc-
tion, remove itself f rom the bus 
and then set BA high. This pro-
cess can take from 2 to 15 us, 
depending upon the current 
instruct ion. 

The delay between pul l ing 
HALT and actual ly having the 
bus available (BA high) means 
that we cannot s imply pul l 
HALT and s imul taneously use 
the bus. Some means of latch-
ing the SWTP into its halted 
state must be used. I used a 
f l ip-f lop on the WM board for 
this purpose. When the WM ad-
dresses FFDC, the f l ip-f lop is 
clocked, causing its output to 
change state. The output is 
connected, through a unidirec-
t ional line, a NAND gate and an 
inverter, to the enable input of 
an 8T97. This pul ls HALT low 
when it is enabled and serves 
as a driver for the BA LED indi-
cator on the interface board. 
The other input of the NAND 
gate is connected to a swi tch 
on the board to al low manual 
halt ing of the SWTP. 

The CLR input on the f l ip-f lop 
is connected to + 5 volts f rom 
the SWTP board. This init ial-
izes the f lop-f lop to the non-
halted state when the WM is 
powered up before the SWTP. It 
is important to al low the SWTP 
to init ial ize itself before it is 
halted, even if i ts CPU is not go-
ing to be used. 

A l though the SWTP MP-A 
board appears to have been de-
signed for DMA by halt ing, the 
circuitry to control the data bus 
drivers when the CPU is ad-
dressing the MIKBUG ROM or 
RAM prevents a DMA device 
from reading f rom the bus. A 
simple circui t modi f icat ion cor-
rects the problem wi thout in-
terference to normal computer 
operation. 

Two di f ferent logic paths are 
used by SWTP to contro l the 
direction in which the data bus 
transceivers are enabled. This 
is necessary because the data 

lines to the MIKBUG memory 
are connected direct ly to the 
CPU data lines rather than the 
data bus. When MIKBUG is ad-
dressed by the CPU (addresses 
EXXX or AXXX), the normal 
logic path is overr idden by the 
MIKBUG path. The transceivers 
are now enabled to wr i te to the 
bus whi le the CPU uses the 
MIKBUG memory. Since none 
of the boards on the bus are 
enabled at th is t ime, the data 
on the data bus are ignored. 

When the computer is halted, 
the normal logic path is dis-
abled, but the MIKBUG path is 
st i l l active. When the R/W line 
is low (DMA device wr i t ing to 
the bus), the transceivers are 
enabled to read f rom the bus. 
This does not cause any prob-
lem. When the R/W line is high, 
the data bus transceivers are 
enabled to wr i te to the bus, re-
gardless of the address on the 
bus. This means that when the 
DMA device tr ies to read f rom 
memory or I/O on the bus, data 
bus drivers on both the board 
addressed and on the MP-A 
board are enabled. A prime rule 
of bus usage, "Thou shalt not 
have more than one set of driv-
ers enabled at any t ime, " is 
violated, and only garbage can 
be read f rom the bus. 

To correct th is problem, keep 
the data bus transceivers in a 
read f rom bus mode when the 
computer is halted. The f irst 
gate in the MIKBUG read/write 
circuit is a NAND gate used as 
an inverter by wir ing its inputs 
together. When the output of 
this gate is high, the data bus 
transceivers are held in the 
read f rom bus mode. Since a 
NAND gate wi l l have a high out-
put when any of its inputs are 
low, separate the two inputs 
and use one to hold the output 
high when BA is high. A l ine 
that is low when BA is high is 
available, convenient ly, on the 
same IC. 

The N A N D g a t e is one-
quarter of IC12 on the SWTP 
MP-A board. Pins 4 and 5 of this 
IC are the inputs t ied together 
to make an inverter, and pins 1 
and 2, a lso t ied together, have a 
line connected to them that is 
low when BA is high. I cut the foil 
connect ing pins 4 and 5 and ran 
a short length of insulated wire 
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Fig. 4. Modification to MP-A 
board to cure noise problem on 
SWTP HALT line. 

f rom pin 4 to the line coming in-
to pin 1. When BA is high, th is 
modi f ica t ion keeps the trans-
ceivers in the read f rom bus 
mode, but, when BA is low, the 
NAND gate acts l ike an in-
verter, just as in the unmodi f ied 
c i rcui t . 

Wi th th is mod i f i ca t ion (or, for 
that matter, w i thout it), the in-
terface cannot read or wr i te the 
MIKBUG ICs. Because of the 
MP-A board 's design, no DMA 
method can use the MIKBUG 
ROM or RAM wi thout added cir-
cu i t r y on the MP-A board . 
Because of the d i f f i cu l ty of 
modi fy ing th is board, I suggest 
that if you need th is capabi l i ty 
you relocate the MIKBUG cir-
cui t ry to some other card in the 
s y s t e m (e.g., t h e i n t e r f a c e 
card). 

One of the ways I hope to use 
my slave computer is as an I/O 
contro l ler for the master com-
puter. By connect ing all of my 
s low I/O devices to the slave 
computer bus and program-
ming it to handle the printer, 
cassette, etc., wh ich o f ten take 
the major i ty of a microcomput-
er's t ime, the t ime avai lable to 
the master computer to do cal-
cu la t ions and data manipula-
t i o n s is g r e a t l y i n c r e a s e d . 
There is noth ing or ig inal about 
this idea; I suspect all large 
computers work th is way. 

To make the inter face more 
f lexible, I've incorporated a l ine 
that a l lows the SWTP to in form 
the WM whenever it needs at-
tent ion. When the SWTP ad-
dresses i ts 0 I/O port, the WM 
gets a s ignal on its #4 interrupt 
line. Since the WM uses a vec-
t o r e d , m a s k a b l e i n t e r r u p t 
scheme, it can be programmed 
to go to an I/O service rout ine 
when it is ready for I/O and the 
SWTP has indicated, by inter-

rupt ing, that it is wai t ing to be 
serviced. 

Bugs 

I have used my two-computer 
system for approximately two 
months, and only one problem 
has come to l ight: a noise prob-
lem in the SWTP! The HALT 
line, as I ment ioned earlier, 
uses a f l ip- f lop on the MP-A 
board to synchronize changes 
in the HALT line wi th the phase 
1 c lock. This is a TTL device 
that wi l l respond to very short 
pulses on the bus line. I dis-
covered that noise on th is line 
was causing the SWTP to ex-
ecute occas ional single-cycle 
operat ions. 

Fortunately, the cure for th is 
problem was simple. I inserted 
a low-pass f i l ter into the l ine on 
the MP-A board before it reach-
es the f l ip-f lop (see Fig. 4). 

Th is prob lem was due to 
noise pulses or ig inat ing in the 
interface, not on the SWTP bus. 
It wi l l not cause t rouble if the 
SWTP is hal ted by means of a 
swi tch connected direct ly to 
the bus line and ground wi th 
short , reasonably large, wires. 

Summary 

Few, if any, wi l l want to bui ld 
an exact copy of my interface. 
However, the basic interface 
design and many of the ideas 
are appl icable to anyth ing from 
adding a bus to a one-board 
microcomputer to in ter fac ing 
two microcomputers using dif-
ferent CPU chips. This is a 
wide-open area for hobbyist ex-
plorat ion. 

Many people probably feel 
that in ter fac ing two di f ferent 
computers is too compl ica ted 
for anyone wi thout an exten-
sive technica l background. Ac-
tual ly, if the two computers use 
the same CPU chip, it is a 
s t ra ight forward and rewarding 
project. It took me less t ime to 
design and bui ld the inter face 
between my two compu te rs 
than to bui ld an RS-232 inter-
face for my keyboard/printer. 
All of the cr i t ical t im ing rela- : 

t i onsh ips are already taken 
care of by the computers. All 
you must do is get the s ignals 
between the compu te rs and 
modi fy those signals that are 
di f ferent on the two b u s e s . • 
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