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ROTH~1AN \1RITES AGAIN 

Allyn Rothman writes from New York: 

"I don't have much progress to re­
port on the hardware side, but my 
10bic design has undergone several 
revisions. My basic philosophy 
still remains that of implementing 
the machine instructions by means 
of a microprogram stored in some 
type of read-only-memory or alter­
able ROM. This neatly divides my 
work effort into two convenient 
sections. I can design and test the 
lo~ic of my microprogram on another 
computer using sioulation tech­
niques, thus saving the expense and 
tilJe of building complex logical 
functions with hard~."are. The hard­
ware I require, then, becomes just 
the ROl.f plus relatively simple data 
busses and eates. I have redesigned 
the oicro-logic several times, 
since as various ICs become cheaper 
on the mRrket, it pays to take ad­
vanta~e of them in the overall de­
sign. ~Prices are droppin!.~· rapidly, 
so I tend to spend more time devel­
oping my It fi rm~lare ," and less on 
the hardware. ROl-1s are still expen­
sive, and "'ith my computer depend­
ing heavily on them, the longer I 
wait to buy, the cheaper my machine 
becomes. For me, looking at the 
out:put from a successful micro­
logic siwulation run is just as 
satisfying as seeing the lights 
blinking on the finished oachine. 

"I have been lucky in one respect. 
My memory, which is a 10K x 12-bit 
unit taken from an IBM 1620, is 
working satisfactorily in a bread­
board setup. It runs with a 10-
microsecond cycle time and appears 
to be 100% reliable as far as 
errors are concerned. I see that 
Bob Carpenter is also making use 
of an IB14 1620 memory [1J!ar. 1972, 

p 3 J, which he obtained fror:J. l~he 
same source thHt I did, Perl,ach & 
Rademan. I regret not having boueht 
additional modules, because the slow 
cycle tice plus the core matrix 
switches used for drive-line se1eo­
tion make the unit relatively easy 
to operate. The 10-psec cycle tice 
also gives me plenty of room for 
micro-programming to oontrol all 
the necessary functions between 
cycles. A 500-nsec cycle time may 
be ri~ht with the state of the art, 
but I d sooner avoid the problems 
and aggravation from such iigh fre­
quencies, and settle for a slower 
merJory that works reliably. I think 
Bob is at a decided disadvantage 
using his l2-plane unit for a 12-
bit word. Having a spare plane 
(which I would advi se ~is someho\-I 
adding) provides a parity bit, and 
this is crucial to reliable opera­
tion. Not just by indicating ohvious 
catastrophic failures, but for 
"tunine;1I the memory to operate in 
the middle of its error-free opera­
ti~e area. I check the parity error 
count and I vary the select drive 
currents and the matrix switch bias 
current to develop a plot which 
neatly defines for ~e in what region 
my memory is most reliable. 

II steve 1,.,iebking quotes an excellent 
text [nov. 1971, p 5J on micro-pro­
gramilling concepts, but T submit that 
it is possible to implement the 
micro-logic to support the IEM 360 
instruction set in a far more simple 
manner than the approach taken by 
IBM. IBM's micro-logic was not de­
signed to minimiZe the number of 
separate functions needed to support 
its instruction set. It was designed, 
rather, for complete flexibility so 
that emulators for t heir older com­
puters and a very complex Ilo ohan­
nel system could be included in the 
maohine oapabilities. The 360 mioro-



instructions therefore control 
hardware gates, latches, and data 
channels at a much lower level in 
the machine hardware than is neo­
essary to merely implement the in­
struction set. For the fun of it, 
I have partially developed mioro­
code from which most of the 360 
machine functions oou1d be control­
led, and it appears that far less 
than the 140B-word x l76-bi t RO~1 
which IBM presently uses is needed 
to aotually support the instruction 
set. Leave out the floating-point 
instructions, and you are not left 
with an impossibly large task. As 
the book on micro-programm~ng by 
~usson explains, Honeywell has 
taken the opposite approach from 
IBM, resulting in more compact 
microcode that oontrols the actual 
maohine hardware at a much higher 
functional level. I find the de­
signing of a microlanguage to im­
plement machine instruction sets 
to be one of the most interesting 
aspects of computer design. To come 
up with optimal oontrol micro­
instructions which minimize ROM re­
quirements while maximizing control 
flexibility is tricky business, but 
far more satisfying (to me) than 
getting a shift register to work. 
I would like to know if anyone is 
seriously considering tackling a 
360-1ike machine, especially with 
a microprogram approach. 

"In the 1,farch 1972 Hews1etter was 
a small blurb on the utility or 
necessity of using an oscilloscope 
in developing machine hardware. I 
find an oscilloscope indispensib1ej 
so much so that I am in the process 
of putting together a more adequate 
one than the simple one now at my 
disposal. A delayed sweep doesn't 
seem to be that essential, since 
you can always find some pulse in 
the system advanced enough to pro­
vide a trigger signal for the wave­
form you actually want to look at. 
~.I]hat is a real convenience is a 
dual trace, because very often it 
is the time relationship between 
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two pulses that is of interest. For 
those who want to build a kit, I re­
commend the Heathkit IO-185 30lid 
state l5-MHz Dual Trace Triggered 
Scope, at $429. I'm making it an 
even better buy by soratch-bui1ding 
it myself fror,1 .Heath schematics and 
using a less expensive CRT (f1at­
face tubes aren't cheap). I expect 
to finish the job tor about 1100. 
And I started out bui1dine a com­
puter! 

tiThe longer I wait, the cheaper ICs 
become, so I feel very little pres­
sure to rUsh my machine to comple­
tion. The soft't\l'are simulation of my 
micro-instructions provides me with 
enough of a sense of accomplishment 
for the time being. I would be in­
terested in hearing from any mel'lbers 
who have successfully used ROlvls, 
especially the ser.liconductor types. 
Sas anyone attempted a CRT I/O de­
vice? !.fany such units have been 
mentioned, but has anyone actually 
managed to build one? [Allyn Rothman. 
19 Roberta Lane, Syosset, NY 11791]" 

TWO "IORKING COMPUTERS 

D.A. Bowman writes from Arizona: 

"I have built tNO computers from 
scrap parts in the past 4 years. 
Both are l2-bit, 2-vsec machines 
patterned after the PDP-8 instruc­
tion set. The first was built from 
second-generation discrete-component 
DTL NAND logic. ':he cemory was of 
my own design. My seconcl computer 
l.'lQs built to get around the power 
dissipation problem (1.5W) of the 
first machine. It gets expensive 
to operate and refrigerate that kind 
of system in Arizona. The second ma­
chine is made out of 7400 series TTL 
and has an 8K x 12 main core memory. 

"I have also designed and have oper­
ating the following extensions to my 
computer: high-speed reader and 
punch (General Electric); Ca1comp 
565 incremental plotter; 32K-word 
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x l2-bit extended core memory; ASR 
33 Teletype; video display (16 
lines of 64 characters, lK refresh 
memory, 5x7 dot-matrix characters); 
X-Y D/A converter and storage 
scope. 

"All of the PDP-8 software works 
on my system. This has saved con­
siderable time, as you can well 
imagine. I have used the following 
DEC software: compilers (Focal -
8K, Easic - Poly, Fortran - 8K); 
assemblers (:iifacro 8, Pal III, 
Saber); maintenance programs, disk 
monitor systems (my 32K core memory 
looks like a DF32 Disk system). 

"Hy entire system logics are mount­
ed in a 19-inch rack and all of the 
packages are wire-wrapped together 
using 30-gage wire. I use wire-wrap 
boards on which you can mount 200 
TTL packages. They are mounted up­
side down and soldered to pins that 
go through the board and are wire­
wrapped on the other side. This 
allowed me to put my whole co~puter 
logic (registers plus control and 
timing) on one card. I have a mod­
ule that ho~ 10 such cards, in­
cluding: one for video display log­
ic, one 32K interface logic, two 
core memory, one Teletype and high­
speed reader/punch logic, one com­
puter card. 

III have devoted most of my spare 
time for the last four years in 
accumulating the parts and develop­
ing my soft'\o,are. II 

THE TRADING FOST & HELP \V'ANTED 

1101 RAMs 

Dave Vednor (P.O. Box 1317, Tustin, 
Calif. 92680) writes: ~I've had a 
mfr offer me 2700 pieces of a OMI 
1101 256-bit RM~. These are new, 
but have been scrapped due to a 
product change." l'l1th at least 16, 
at $1.50 each, you've got a 4K x 1 
memory, at $24. With at least 256, 
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at ~1.25 each, a 4K x 16 memory for 
$320. And with at least 512 of these, 
at $1.17 each, an 8K x 16 memory, for 
$600. "I need a total order of 500 
minimum to get these prices. If I can 
move all 2700, prices would be about 
10-15% lower. Again, these devices 
are new and are being offered to me 
by a computer mfr. How'ever, I can 
offer no guarantee. II 

Time-Sharing Club 

Frank Eperjesi (P.O. Box 221 Bur­
bank, Calif. 91503) writes: ~I would 
like to start a local club in either 
LA or Orange County. I live in 
Orange County but am in LA so much 
that I don't care which area - it 
depends on where I could drum up 
the other members. The purpose of 
the club would be to buy a small 
time-sharing system. I figure that 
if 20 people were to kick in $250 
each to join, and pos9ibly~250 a 
year thereafter, this would allow 
me and the other members to have a 
fairly povlerful system at r.linimum 
expense, and expandable as extra 
members Join. The other possibility 
would be for ten people to get to­
gether to purchase an Intel computer 
development system (about elK) and 
a TI printer/dual mag-tape unit with 
keyboard ($2400) and misc. hardware 
at about $lK. This would be a fairly 
powerful mini-computer system at 
minimum expense." 

727 Tape Drives 

Alvin Marshall (412 Oakwood, Angola, 
Ind. 46703) says: "I have sooe 727 
tape drives -- with the books -­
$100; you haul lem. These are tube, 
but worked when removed. They are 
stored at Pocomoke, Md., not at my 
place, but they can be picked up 
at almost any time." 

727 Circuit Info? 

Al Sinclair (941 Hedge Dr., rUss1-
ssauga, Ont., Canada): "I acquired 
an IBM 727 tape drive in perfect 
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condition and spent the next tour 
months tracing out all the cir­
cuits. Is there no way of getting 
this information? I use a li-HP 
3-ph motor and a 240-to-208V auto­
transformer to generate the three­
phase 90wer to run the tape drive. 
I am dispensing with all parity 
and deskewing circuitry at this 
time since the relatively few 
errors don't matter to me anyway. 
The outfit sure generates a lot of 
noise in the house! 

On a visit to Kingston, N.Y., 
dropped in to P&D Surplus [~.1ar. 
1972 Ne'Vlsletter J and picked up a 
card reader, keyboards, control 
panels and a host of other parts 
a.t ridiculously 10vl prices. If 

Surplus Items 

Gary Forbes (2028 W. Indian School, 
Box 100, Phoenix, Ariz. 65015) 
sent a list of items advertised in 
the Dec. 1972 Popular Electronics; 
he has a 2K x I-bit core plane for 
.~5, driver board for :;p3, sense am­
plifier for $2, IBM electric type­
writer with solenoids, ~50; ICs; 
IC mounting boards, core stack, etc. 
Write him for a copy of the list. 

Any Readers Involved? 

Dave Digby (311 S. Erown Ave., Or­
lando, Fla. 32801) writes: 

"Over the past year or two here in 
Florida, I have been too busy de­
signing computers at work to feel 
much like doing it also at home. 
Have not given up the project, how­
ever, but keep accumulating little 
bits and nieces. Let me list a few 
minor projects in various states 
of non-completion: (1) A one-pass 
assembler, hopefully tailored to 
very small computers. Few restric­
tions on features for paper tape 
object tape, but obviously requires 
an optional second pass for com­
plete address data in listing. (2) 
An all digital modern -- exoept for 
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line interface. (3) A disr:lay buf­
fer and generator to display on 
oonventional TV set. 

Are any readers currently involved 
in accumulating orders for shift 
registers or other memories? Or in 
evaluating ourrently avallable log­
io lines for home computer use? Or 
in projecting possibilities cooing 
up with 1-10S, CIviOS, etc? II 

KENBAK DRO!' S CASSET'!?r~ DJPUT 

Development of the cassette input 
for the Kenbak-l training computer 
(Maroh 1972 Newsletter, p 1) has 
been shelved, as it isn't needed 
in the educational field, toward 
which the Kenbak-l is oriented. 
Kenbak is concentrating on the 
seoondary and post-seoondary 
schools, which can obtain Federal 
funding for such hardware. 

Half a dozen of the Kenbak-l (whioh 
is now ~850) have been sold to pri­
vate individuals, half of whom are 
programmers and EEls. As one pro­
grammer put it, "I have an IBM com­
put er at 'I'lork with half a million 
words of storage, but I didn't have 
a oomputer at home. II 

Kenbak Corp. is now at 12167 Leven 
Lane Los Angeles, Calif. 90049, 
(213~ 472-8347; John Blankenbaker, 

president. 

A $695 COM:t'UTER KIT 

The System One computer kit will 
soon be available from EPD, P.O. 
Box 1014, Glenwood Springs, Colo. 
81601. There are 16 individual kits 
that make up the entire computer, 
with lK of memory, and addressing 
for 8K. System One oontains 62 ICs 
and has a control and display con­
sole that displays the contents of 
most of the major registers. Input 
is by pushbutton; output by lamps. 
There are 29 micro-instruotions 

~NEI~SLETTER 



and 28 combined micro-commands 
programmed in a diode matrix that 
is in the form of a read-only mem­
ory. This matrix can be altered by 
the user who wishes to tryout his 
own instructions. The entire Sys­
tem One is J695. The plans, with 
all schematics and parts layout, 
is $25. The first ad will appear 
in the May Radio-Electronics. 

You will need a good scope (at 
least 10 l-1Hz) J preferably dual­
trace, for setting the core levels. 
System One has a data-bus termina­
tor connector, and there are in­
structions for setting up I/O to 
anything that operates on an 8-bit 
binary code. Only 15 machines will 
be offered at this time, because 
EPD has only 15 IEM 1401 core mem­
ories, bought surplus, and no more 
are available. '.'/hen the core is 
gone, they will switch to solld­
state memory, either Intel 1106 or 
Signetics 2601 l024-bit types. 
This will add about ~200 to the 
price; this machine will be System 
Two; another change will be from 
S-bit with link to l6-bit with link. 

System One is patterned after the 
PDP-S, but comes only with a list 
of cocman,ds. There is no user group 
yet -- only 11 of the original Sys­
tem One machines were made (plUS 2 
prototypes). 

Also available is an 80-page Mem­
ory Core Booklet, 1.1PB-l, for $5, 
on setting up a core oemory, with 
values for the 1401 mer:lory as used 
in System One, but with all the 
equations for adapting to any core 
mer:lOry. 

IN PRINT 

Cryptology and Computers 

By coinCidence, two articles on a 
subject quite rare in trade maga­
zines appeared in January: "Compu­
ters and Cryptology" by Chesson in 
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Datamation (Jan. 1973, pp 62-64, 
77-81) and "How to protect data 
with ciphers that Rre really hard 
to break" by Geffe in Electronics 
(Jan. 4, 1973, pp 99-101). The---­
first is about programs for crypto­
analysis and includes a Fortran 
program for sir.lple work; the second 
describes enciphering methods. 

ROMs in Digit al Systems 

"RO~ls are versatile in digital sys­
tems" by Percival of National Semi­
Conductor (Electronic Design, June 
8, 1972, pp 66-71) goes into lookup 
tables, programming the ROM, arith­
metic with RO:·1s, con"lerting codes, 
and microprogramming. 

LSI and Central Processors 

In the Nov. 1972 IEEE Spectrum, 
"HOS/LSI launches the low-cost pro­
cessor" (pp 33-40)i8 well worth 
reading (reprint is $1.50 from IEEE, 
345 E. 47 St., NY, NY 10017; ask 
for article X72-l12 within a year). 

The devices outlined are the Ameri­
can r~icrosystecs 7200, Fairchild 
PPS-25, Int e1 HCS-4 and !1CS-8 J nat­
ional HAFS and GFC/P. The MCS-4 is 
noted as havin~ an extensive soft­
ware library compared with other 
processor families. 

The article points out the slower 
execution times of MOS processors, 
the minimum applioations support 
from the makers, and the need to 
buy large quantities of an Ie to 
offset customized masking charges. 

TV set for Data Display 

"TV set is display for data termi­
nal," by Bratt of Motorola (~­
tronic Design, Sept. 14, 1972, pp 
134-141), has an all-digital char­
acter-generation circuit; 1024 
characters, each in a 5x7 dot mat­
rix, with 16 rows of 64 coluons; 
full set of 64 ASCII a1phanumerio 
characters available. Six l024-bit 
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ompu er 00 e y s 
who are interested 

in building and operating a dig­
ital oomputer that oan at least 
perform automatio multiplioation 
and division, or is of a compar­
able complexity. 

For membership in the ACS, and 
a subsoription of at least eight 
issue of Vol. III of the News­
letter, send ~5 (or a oheck) to: 

Stephen E. Gray 
Amateur Computer Sooiety 
260 Noroton Ave. 
Darien, Conn. 06820 

The ACS Newsletter will appear 
ever two months or so 

RJU.1s refresh the display; a speo­
ialized ROM (MCln131) generates 
the oharaotersj the remaining cir­
ouits require ouch construction, 
on four logic cards. 

Computer Logic Book 

For your son or a young friend, 
"Beginner's Guide to Computer Log­
ic" is a recent one froo Tab Books 
(Blue Ridge Summit, Pa. 17214). 

By Gerald Stapleton, it has 192 
pages, is $7.95 hardbound, $4.95 
paperbound. 

The first 96 pages are on logio 
theory. The rest is on building 
logic projects. A discrete-oompo­
nent breadboard (DTL) is built. 
Then COr:le ICs, RTL and DTL, with 
breadboards for each. The final IC 
DTL experiment is an a-bit binary 
adder-subtractor. 

Laboratprt l·Ianual for Integrated 
Comnuter ircuits. 

The paperback with this name, by 
Robert F. Coughlin (Prentice-Hall, 
152 pages, $5.95) has a somewhat 
misleading title. The manual starts 
off with faots and principles about 
RS flip-flops, and then asks the 
student to design several of these 
with various parameters. It dis­
cusses and gives some applications 
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of some ICs: FOR gates, Sohmitt 
triggers, JK flip-flops, and count­
ers, and describes some lab experi­
ments for each. Some 25 pages are 
devoted to "Design and Build an 
Analog Computer" without going into 
much detail. The appendix provides 
circuits for a regulated power sup­
ply and an "IC control and readout 
board," along with photos of a 
breadboard usinC Augat sockets, sub­
miniature banana jacks, and a 'Tec­
torboard with holes on til centers. 

Computer Structures: Readings and 
Examples 

This is the title of a 668-page 
book, by Bell and Newell of Carnegie­
Mellon University (HcGraw-Hill, 
1971, $16.50>' It is a "case-study 
approach covering 40 distinct com­
puter types." 

In one convenient volume, the auth­
ors have collected a variety of 
historical and/or technical papers 
that cover the recent history of 
comput ers. Many of these papers are 
unpublished or ditficult to obtain. 
Among the computers covered are the 
DEC PDP-a; LGP 30 and 21; IBM 1800, 
1401, 7094 and 650; Midao; Illiac 
IV; and two desk calculators, the 
Olivetti Programma 101 a.nd the H-P 
9100A. Fine for browsing. 

As Gene 'IVi therup of Pa. puts it: 
"This is an excellent study of the 
development of computer systems, 
with emphasiS on the language set 
and central-processor configuration. 
It contains 688 pages •••• It is ll2! 
a "hot., to" book, but it is defini­
tely of interest to the serious stu­
dent of computer organization." 

SURVEY FORM? 

If you were sent a Survey Form and 
haven't returned it yet, please 
fill it in and send it to Darien. 

Copyright 1973 by Stephen B. Gray 
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