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THE PDP-8 ROUTE

Fred Slas likes the Digital Equip-

ment Corporation's PDP-8/8 comput-
~er enough to borrow a lot of ideas
from 1t, He wrltes:

"It 1s a little difficult for me
to see a computer sitting around
doing nothing. There are plenty of
chances to use a machine to teach
highschoolers. A number of PDP-8/8
are 1n use for this purpose alrea-
dy. I think there 1s opportunity
to develop low-cosgt inventory sys-
tems for small businesses. These
ideas are in the line of income-
producing sidelines, but computer
time 1s valuable and anyone with a
machine should be able to produce
income with it., A particularly
frultful area should be in Boft-
ware development, At the present
state of technology, practically -
any company wilth an engineer or
two can market a computer. Soft-
.ware support 1s the costly and
time-consuming requirement for
success 1n the computer business,
however, This suggests that
amateur-built machines could pro-
- vide support to the vast software
needs of the computer industry. To
do thls, an amateur machine would
only need the same order structure
~ as some commonly used commercial
machine, There are over 2,000 ma-
chines in use of the PDP-5 8, 8/8
and 8/ series., These machines vary
considerably, but share a common
order structure,

The software problem 1s a two-way
street, also., DECUS is a users' .
‘society for DEC machines that pro-
vides a mediun for the exchange of
programs and 1deas. Probably an
amateur computer builder could be-

come & non-voting member of the
soclety. Interested persons might
approach their local DEC sales
representative, Uger-developed
assemblers, statistical packages,
arithmetic subroutines, and spe-

" clal software for peripheral de-

vices 1s avallable to any member,
For instance, I just recently ob-
talned a software symbol generator
for displaying text on an oscillo-
scope. Text output by this route
is very inexpensive. Keyboard in-
put and scope output is probably
the most inexpensive I/0 system
for an amateur computer., .

I'd like to present some of the
features of the PDP-8 sgerles of
computers that méake them worth
looking at for i1deas for amateur
congtruction. Should I eventually
congtruct a machine, it will gtart
out looking like a PDP-8/8 and may
eventually be changed to a PDP-8,
The difference is that the 8/8 is
a serial machine. That 1is,.all
transfer between registers 1s done
through the adder, bit by bit, A

- serial adder has much lesas lOgio

than a full parallel adder. Con-
sequently the complete PDP-8/S
has the following complement of
logic‘ :

02 flip-flops - L
2 clock multivibrators
2 one-shot delays ..
52 pulse amplifiers .
- 161 inverters :
160 NAND gates. . .=
. 62 dlode gates . . ‘' ..
. 70 drivers for displays
© 1 Schmitt trigger L -
1l 4K, 12-bit memory, . and de-
coding and driving logilc,

The commercial unit uses a 6-m1¢roe



second parallel core memory even
though the rest of the machlne 1s
serial, Data ls transferred into

the memory buffer reglster serial-

ly and then into the memory 1ln
parallel, Consequently, two sepa-
rate clocks are needed, and run
independently, depending on the

phase of the word timing. Inciden-:

tally, I understand the original
design of the PDP-8/8S was to use

a drum or disc, but the cost of
core memories dropped so radically
that the machine was marketed with
a core memory., That core is avall-
able from DEC for $2000. Applica-
tion notes and driving loglc are
available, too,

If I were starting to bulld a ma-
chine from surplus parts, I think
I would choose the PDP-8 instruc-
tlon set, construct the serlal
logic with a disc memory first,
later convert to & parallel core

- memory, and finally convert to
full parallel loglc, Even using
gerial logic, the slow version has
a respectable 28 to 54-mlcrosecond
operation time,

Some other features of the PDP-8
are worth mentioning. The machine
has a 12-bit word size. Where ana-
log devices are to be attached to
the machine, 12 bits 1s & natural
precision, A-to-D converters are
ugually 12 or less bits in preci-
sion (for a number of reasons) and
a resolution of 1 part in 4096 1s
more than adequate for devices
like scope displays. Multi-precil-
sion arithmetic software, both
fixed-point and floating-polilnt, 1is
readlly avallable, so a longer
word length is unnecessary for

- anyone -except a professional com-
puter person who hag a requlement
demanding higher-speed, multil-
preclsion arithmetic, fn support
of this statement, one might note
that the IBM 360 serles equlpment
has turned to the small basic word
slze with multiple-byte memory
accessing to gain sgpeed.

Number 10 -- August 1968

Early machines required largé word
slze due to the slowness of memory
access. :

The PDP-8 has only elght basic in-
structions, but the set can be ex-
panded to a hundred or more by
micro-programming the operate- and
input/output instructions. This
permits one to use a sgimple octal
decoder for decoding instructions,.

Basic input/output transfer on the
PDP-8 1s via the accumulator. Trans-
fer 1s in parallel, both for the
standard and serial machines. A
party-line bug system is used,with
each peripheral device recognizing
its own mlcroprogrammed device-
gelect code, The logle to do this
ls simple, with the commercial
device-select loglc cogting only
about $50, This 1s one of the
simplest input/output systems that
I have seen, and it 1s thoroughly
described in the DEC "Small Com-.
puter Handbook," available free
from any DEC salesman, I endorse
this handbook as & liberal educa-
tion in computer deslgn.

Do you think there would be any

“interest in approaching DEC about

supplying a baslc kit for amateur
construction of a version of the
8/8 computer? ’

‘The parallel-to-serial conversion

device mentioned 1n your lagt news-
letter is available from DEC for
$160, I recommend the free DEC
"Logic Handbook" as a second
liberal education,

Incidentally, one does not need a
separate device for parallel-to-
serial conversion., Cne merely
needs to shlft the data word out
of the accumulator, testing the
link blt each shift, and outputting
a pulse if a one 1s present in the
link bit. ("The link is a 1l-bit
flip-flop register attached to the
accumulator, and i1s used primarily
in calculations in which 12 bits
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are not enough to represent the
numbers involved," according to
the Small Computer Handbook.) See
an article by Park and Ohkuma in
the Fall 1967 DECUS Proceedlngs.
The article, by the way, describes
a magnetic-tape system using an
ordinary unaltered audlo-tape
transport for recording digiltal
data. Cost of the interface 1s
about $200, using commercial logic
modules. This is one of the clev-
erest designs that I have seen for
a digital magnetic-tape system at
minimum cost.

Perhaps I have over-sold the vir-
tues of the PDP-8 series of ma-
chines, but I think they have a
number of minimum-cost design fea-
tures that would beneflt an ama-
teur who does not have speclal
reagons for using other, possibly
more complicated, approaches.

Here are a few hardware ldeas. For
a control panel: Drill holes for
all register indicator bits. Cover
the whole panel with solld trans-
lucent plastic, with decals for
labels., Insert lamps in holes 1n
back of panel with only wilres for
connections to a backup mother
board. Take a look at the PDP-8/8
to see result,

We use strands from telephone ca-
bles in our wirewrap tool., The
$50-0or-so hand wirewrap tool from
Gardner-Denver (Part. No., 14H-1C
wlith No. 26263 bit and No, 18840
gsleeve) is well worth the expense.
Wire wrapping is a fantastlc im-
provement over soldering connec-
tions. An unwrapping tool for $10
makes changing connections very
simple. I would suggest that these
are essentilal investments to ease
much future pain,

The ACS member with the TTY code-
converslon problem undoubtedly has
a five-level Baudot code lngtead
of ASCII. The simplest procedure
for input would be to re-label T,
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CR, 0. 8P, H, N, M to represent
the octal numbers O through 7,
Larger binary numbers can then be
asgembled by shifting in the accu-
mulator in the standard way. A
hardware Baudot-to-octal conversion
matrix could be congtructed fairly
eaglly, but once his computer can
execute a few simple instructions,
a table look-up program 1g simple
to write and won't use up much
memory, Output to the TTY would be
via table look-up also, Only the 8
numbers in the octal number system
need be converted, since text
would be stored as is, and an
asgembler could be constructed by
merely changing the symbol table
definitlons to Baudot, if his in-
struction set matches some com-
mercial computer sold by a helpful
salesman,

Several months ago I noticed IBM
1620 core stacks and drivers
avallable for around $200, It hap-
pens that the 1620 accesses 12
bits per memory cycle, even though
it 1s a decimal machine. That is,
the memory 1s a 10K, 12-bit word
size, and two BCD characters are
accessed each memory cycle. Per-

.fect core for a 12-bit machine.

The PDP-8/8 uges a 13-bit core,
but the parity bit 1s really un-
necesgsary since the machine comes
to a screeching halt if a sgense

‘amplifier goes out and the machine

starts getting incorrect parity.
The 13th bit is probably a carry-
over from its serial-memory ances-
try. The 1620 memory has a 20-
mlcrosecond cycle time, which re-
sulted in a relatively slow deci-
mal machine, but would provide re-
spectable speed in a binary con-
figuration. Converting the decod-
ing and core-driving logic might
require some 1lngenulity,

Where one has some money to spend,
I highly recommend the new Tektro-
nix storage scope display Type 601
at $1050. I have jJust constructed

an inexpensive interface, and find

Number 10 -- August 1968



it a joy to get text output on the
scope instead of walting for the
slow TTY to pound out results.
Analog displays with a 35-mm cam-
era for permanent records make
this a very general-purpose inter-
face. .

Have thought about getting cheap
logic cards. Of course, IBM SMS
cards are readily available, but
the connector is usually cut off.
(Does anyone know where to get in-
tact SMS cards?) Anyway, cut SMS
cards probably could be most easl-
1y uged by cementing on a short
extension with an etched male PC
connector. [For a cheaper way, see
page 1 of the November 1967 ACS
Newsletter.] A silk-screen outfit
from your local art store 1is
cheaper than the kit from Allied.
Silk-screened and etched connect-
ors for dozeng of SMS cards could
be made in a few hours.

This has been a rather rambling
letter, but perhaps there are some
ideas that will be of use to ACS
members. I will be pleased to com-
municate with anyone who has cho-
sen to use the PDP-8 instruction
set and has programming -or inter-
facing problems."

Fred R. Silas, Jr.

University of Miss. Med. Ctr.
School of Medicine
Department of Medlcine
Division of Neurology

2500 North State Street
Jackson 6, Mlssissippl
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Fred also sent along a short plece
of paper tape to show why he chose
those particular keys to be re-~
labeled: :

o000
oo o006
0000
MNHSOCT
PR
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DEC recently announced the PDP-8/L,
a stripped-down model of the PDP-8,

‘The interfacing circults have been

removed, and only a TTY can be used
for I/0, The memory is 4K, with a
maximum of 8K. Price 1s $8500, or
$1500 less than the PDP-8,

As to a PDP-8/8 kit, DEC says that
there 1s the question of thelr re-
sponsabllity to the kit buyer.
What happens 1f he can't make the
k1t work? Does he shlp it back to
the manufacturer, like a Heathkit,
and get it fixed up for a price?
Algo, if the back panel is fur-
nished pre-wired, how can the kit
cost much below the assembled and
tested price, because there isn'%
much to the assembly. And if the
back-panel weren't pre-wired, how
long would 1t take a man to go
crazy trying to wire it all him-
self? DEC says the only practical
place for a kit is the power sup-
ply, which 1s handwired.

HEATH MODULAR DIGITAL SYSTEMS

Speaking of Heath, 1f anybody has
been patiently walting for Heath

~to come out with a reasonably

priced computer kit — forget it.

Recent Heath Company ads show the
new 805 Universal Digital Instru-

‘ment, whlch can be used as a fre-

quency meter, events counter, 4di-
gltal voltmeter, time interval me-
ter, etc. The same ads show the
801 Digital Analog System Modules,
which include a power module, bi-
nary information module (10 neon
lampg, 8 SPDT switches, 2 SPDT
spring-return switchess, timing
module (0,1 cps to 10 Kc), and
plug-in circuit cards (NANDs, dual
JK flip-flopsg, dual one-shot, re-
lay card, etcs.

The 805 sells for $940 without the
digltal voltmeter function; $1250

with 1t, assembled. The 801 sells

for $435 with a fixed set of 13
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clrcult: cards, Other cards may, bo-
bought, ot {10760 {340 each. Noto\
that Lhis ls -nos a kAt

The 801 is for breadbcarding iy~
cults,
into the gpecilal connector bonwrds
on top of cach:card, vhich usoo
TTL integrated clireculis,

At these prilced, thatever more
sophlgtlcated diglital clroulto :
Heath may-offer in the future Ulll
be quluo oxpona?veo

MOUNTJNC DIL LCB .
‘Don Tawbell writec°';*

1T notlced some mombors fre havinﬁ
trouble mounting dual in-line naek—
ageg. A friend ond T have gone to-
gether to form & cmnll company
vhich, among other things, monu-
factureo a board for mountlng tho
DIP's, You push the -IG into tho
board from one slde and eolder to
pads on the cther slde. There areg
two extra pads (also with holes).
for interconnectlon to each pin,

I use small telephone wire for in-
terconnection, and find that a
wire may easlly be soldered and
ungoldered many times wlthout lift-
ing a pad, A whole I0 may be un-
goldered by wlcklng the pads and
pryilng 1t out, oclthough I have
found this not often necessawy,“

For a spec sheet on these IC
breadboards, writo:

Advenced BPigltal Doelgn
P,0, Box 4409
Huntgville, Alobama 05802

The boards hold 52 of the 14~pin
DIL ICas, cost {8 each,

Don contlnues: "In roference to
Newsletter Number 7 (Novembor

1967), page 5, SHIFT REGISTERSI
(by National Semlconductor), I
wrlsh to warn memberg that thoao
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uging patch-7lrog that plug

-algo makea a dual- EOOabl

» pnvt number MM306 o

'aoing/Lntoreonnccoiona Parh
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?ahift regls»era aro o” the dynamlo |

typo, vhich fequiro o OOﬁoinhouO
‘two-phaso cloock of o minimum or .
10 Ke, This moong thot 12 tha ﬂogm
Aster As uged Lo fspdo)ale! anbn for
future vao, ono mupi kecp trdgl of
vhore it 4o in tho- QOﬁulnnnua 1oop
by on asgooiated OOUQUO?Q'J havo
‘done thig, and havo found that 2%
loses no.data 17 'tho. poao” “aupnly
ls adequntoly” l?u@?omc Hau_anq1
{200~
bit) dynamic'-shl Pt Peglotor whilch
golls for {56 in aﬂng .0 quantlilos;

\.

JncldenuaIWW, Ung&ﬁ nou haa Oﬁ LG
degoldoring tlp, No, 859, depigned
to ”removo I0o rapidly v1theu

_couglng delamination, " Tho dogola~

erer moltso all 16 eonldor padg a
the terminals sﬂnultanomunﬁvn khe
devico ig doolgned £or ugo ith
tho Unger’ 472=1705% heal untn Wa,
4045, vhich it uhe PP 01 ?”6 .
handlo; Tho Lofeyette Rodlo: pr?co
for the desoldering tip 4o {1, 653

for the hoa unjuﬂ "2, 9?05,

U"BF«UH&P AND TERMZnPOIN”

* Por morc 3nf0rmotlon on tooln v

applied termlnationo, such ao tho
wvire-uvren dlscugsed by Fred Slas
earlier in thils dsevo, sce the-
February 1968 EEL erticlo, 0DacKk-
]o
Tool-Applied Terﬂlnatlonﬂ,“ pagoo
66 thyrough réo; o o

BOOKS AND ARTIGLES

"Howv to Bulld e Uorllng Dlgital
Computer,” by Alcosser, Phillipa
and Uolh, Hayden Book Coo, No Y,
175 pages, {3, 75

The blurb on the’ back coveﬂ\notes
that tho,booL “ghowa the readep
hor to congtruct a workinﬁ model
of a diglval computer, using 8imn-
plo, inespenglvo compononuso“ Tho
glx basle unite are "encoder,
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The Amateuv -Genputor . foclety 19
open to all who aro intercoted
in bullding end operating a dig-
ital computer thait can at leagh
perform automatic multlplication
and divislon, or s of a compar-
able complexityo,

For memborshlp in- the AGB and
a gubgcrlpbtion of at least oigh?
lssueo of the Newsletter, sond
$3 (or & check) to:

Stephen B, CGray .

AmaGour Gomnuuor doclety

260 Noroton Avenuo

Darien, Conn.. 06820
The Newsletter will appear about
every elght weekg or so,

arithmetic unit control panel,
drum memory, co*e pemory, and
decoder, "

The blurb is mialeading, but the
computer, although manually opeor-
ated, is quilte mn'enlous° The

core memory ls really a read-only
memory made of paper clipg, bent
to form switches. The drum is algo
read-only, made of a large Jjulce
can and 29 paper cllps that moke
contact wlth the drum through
holes cut in graph paper wrapped
around the can. The drum containg -
the progrem steps, using 26-bif
ingtruction words,

The arithmetlc unit conslsts of
39 DPDT switches and &5 £PST ones;
the Appendix shows how you can
bulld ycur own swrltches with
paper clips and dowels,

This book may be of interest 1T
you're working with a grede-school
group or perhevsg cven a high-
school bunch that's low on funds,

SQUARE IOOT

IC's Generate Inatant Square Root,
(EDN, March 1968, pp 26, 2¥), by
Graham of Palrchild, gives & nlco
circult for square root: To the
10's complement of the number s
added 1, 5, 5, 7 406000, Untll tho
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moat signﬂfloont b%ﬁ chonroo te 0,
ob- whlch poing, the total numb 0n
additions to. the eoqvlenenu i oho
squnie root

UVUSE? LEADB

QA from the "Tea& Your 10 “Q“ ?V
page in Electronio Donian, (page g
198, quch 14 1968) ,

e, .
is thero a rule of thvmb to help
us docide wvhat to do rdbhe "exbro
leads on digital xGn? ‘ L

that 1s done vith unuaed leoda :
often dependso on the paruigmlaﬂ ‘
clrcult opricaulono in general,

1t is safo to leacve. unuged: muuput
leads open, Unuged inputb looda

on the othozr hand, ehould bo 4.0
to ground or gome other pOuontlal
polnt to prevent. parcgltic Srane o
slstor actlon or leakeaqo unde:‘any
possible gignal eombﬁnaulcﬁﬂ Tho
besgt potential poins to usc will
depond uvpon the 6ircult geometsry,
cnd in most caseg wlll be onparcnt
from the circult schematie, which
can be obtained lrom tho manufaem
turer, A .

i,

An EEB aurvey on "qocketm fmh In-
tegraved Circultg” appears in the

July 1968 igsue (pp 86, 53, 60,
,61), and dlscucsog packannw oock-
ets, test sockets, contact prob-

lema and dielectric matericlg,
APPLICATION NOTES s

The latest Appllcation Note Cato-
log from Motorole, doted Apral
1968, lists 43 on: Lugital cirgults,
Some ere of 1little amotevr intor-
est, such ag en I0 rellabllity,
but most ‘give worthivhile design
info, such asg "Depgigning. Inueprﬂt—
ed Serial Counterg, V" or are about
paruieular Motoro1a clgltal 'GBo'

1068 by:Stephedlno Croy
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