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The Intersil and ##0% Harris  CHOS 6100y 12-bit Processors - 8 ~ Bl
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_These-machines_uere bedun- o P S
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In 197x Intersil desidned the first 4‘}3 4 PDP-B processor to ¥ occury 3 sindle - - £ N
9% (eMOs) 1 s e
silicon chip using Conrlementars mos  technolowd,  We verified that it g gy - i ®
iy = e 2 [ tho AU 1 / X ) )
was a POP-8 in 197« and bedan to apely it to a productl  In the meantimes L g sl ®
Sl S
Harris Semiconductor became 2 second source to Intersil to whitiz- - :‘“‘“‘éf
o R e o
supply CHOS-B sepfédid chirs,  In—the—fali-of—1576r B ®
S R o
s an interestind sidelights we bedan te-eapru—dut the desidn of 2 sindle 3 g;'«; e, 2
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chir Pf&f P'Q, channel KOS  erocessor-on-2-chip PDP-8s called the 8/B in “ ff
l?‘lZ\me‘ Ho haoie dali i tronm ;(c,wu:: i G ‘::34; 4
the fall of 1973# Sering of 73 @nd to obrtain thefirst-ehirs—in-Octobes73~ b < \—j‘ $ o
PVUAMJLOT“ \S’J o &oa . 3’
with-final chies in the serind of 74 and production starting in the fall- £ . ®
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of 74 /j This prodect  was stoered in the summer of 73 land the < :, '__’*
& < -7
Western Digital prodect was bESan) n-:hnﬁl the doal wgs to rut severst— -3 - \g.
2 g PDP-11 on  one or more LSI chies, ) Since the PDP-8 desdindefds oo 5. biav. % .2 o
hoad pwiprssed e : ¢ K E
went through® the  desidn studwef~ tradeoffs in eartitionind aw § oK
/ ~2
Mﬂ for 2 single 40- pin chir in the 8/B erodects this was of value // § o u,'
C{"SMJ W OV d :T - oy - s 3 S s ey e A JF . :
in the 48 CHOS-B partitionind,  * The LSI-11 desisnbg staile! N e +le
iy e X R
Hestern-Disital oeeupred right at the trensition-between—P—chamnel-snd- e hriing OF - Py
g ¥

N-channels hencer BK more colpleXx design wieldind a3 PDP-11 was
possibley versus the more straightforwards and less powef ful B/B desidn
we terminated.
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The CHOS-B processor block didaram is diven in  Fidure ‘CHDSB N A The

@ town ;{.‘»\hm‘;’ PD' % "’
reader should notes not surprisingly » it looks very much like 4he processor desidn

A
~4;%’}1{@;1:1«}9«' intedrated circuit)des-iéns—h—tmIt has a common datz rath  for
: .IJJ". rlr Cl(}m—fiw .
arsking the” verieus—pesistess PLy MAs MO AC and Temr (to—peselve—paees), ¥
»

The B Instrucution Resister (IR) does nol share the comson arithmetic logic unit.

4 g two-way multirlesxor is used to transfer ifctruptins-fPom-AeRPOY--Bhd-Ddape
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addresses to memory and to recieve and transmit data and instrcutions from memory, Thes & o baecs M:
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The Prograamed Lodic Array (PLA) is a form of read only memory Providing two levels G Amn g LALT 7 4

A‘d‘{t in rcsg')cy,w‘,. to ¢ N m‘( datiag )f-m =~ pr e -12) q€4/~j1

oflogicy instead of Just address—lesk—thet-z KOWMprovides,
(memarces vt &l Lt Latn sprea

PLA 2ls0 enables
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sparse memories to be built more economically . The output of PLA xs_used_.tu_

(x;m:h(ye >, Vi

—Steneﬁ%e—-eenm}—lmesf} dottedAm the flsure F{o-control

transfers and—*anmb—date—te—and%t—t-he—mm .

the various reslster

Wc&;&w Sose 1o He sfzdr world

While the pfloepds CMDS-B is thef first DEC rocessor on 2 siﬁ{n}e chirs we are

Wy = &
sysfem o
interested here in whet- can be built W using it,

..LPO -
CMDS intedrated circuits aabm reauie very little rower)

Uhi-le'/;he
e ————— M'{.v{;vc,t )

the main

rrorerty of interest is that small sustems can be built conveniently

with the basic 6100 chirs, Fidure PHSCHOSB shouws the-besis- 3 sustem built with

6100-tyre comronents. It should be noted thatseveral other comonents

are actually more important thgn the rrocessory when it comes to reducing the number

: +v
u? chirs and therefore the
interest in the diadram
1. random access read writc# Memory (3_3_5) )

2, read only memory (RON)

a
cost of e sustem, Thi ﬂtr chirs of

34 A"“Parallel interface which enables interrurt sidnals to be sent back to the processor and

é@so detects yIUT ébr select commands for controllind

data transfers ; an &

4 specificx i/o devices like the universal asunchronous reciever transnitter!’UART,/ for

I

detecting and bufferind Fe-si serial sidnals from Telesrashe communications lines.
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The VT78 is made rossible because of 2 the-basice  low

POWET consunption’ and availability of the CHOS-8 chirs todether with

s . [P ¥y
nigh density random access memory chirs. Its doals sere uite simelel
to drastically reduce the cost of @ comelete ¥ computer sustem including
kesboards CRT #} Mass Storade by intedrating the rrocessor into one of the

el

i & . ol A s t ol e, .
existind cabmets’end—e}um thereby eliminating ane of the recksdes— pu-kl-gm] ot 50
Sinces the VT 52 CRT had pi been desidned with the notion that more boards
would be housed inside ity the VT78 wee'Bosedonsemmmmmetie—jpwolkoaghed  conessl J)

b S

Bagic CPU sustem and—interfaces within the CRT®  The ? ortional  rowse S""‘-R( "—"( A Rxot ?
flexible disk drivesxm ) that are needed to form & comrlete

s :
stand alone system are housed Hm_m&x. The

UT78y without mass storage forms the basis for an intellident terminals de. W We umaids, am i""eu‘-f—' %M‘j
Arse pregvon Ao Tnebnda
‘-&"tﬁﬁrrm 2 comPuter in-id 4hed can be loaded adth-verious—presteme

(’ mhe comaunications lines)such that it can take onk-am—nunb»—o#—- P \rnM.nI,, of

characteristicsyan —-ie it can learns hence it ys—mullmntr

can }\be thought of (loosely) as beind intelligent.
an intelligent™
The aprlications for 4he terminzl (with conputer)ﬂywm are

doverned by the network to which it is attacheds but as a stand alone computer

complete with me’!ﬁékzb‘l mass storage prA4r it is desidned to { sans ‘00, conamaac <0 w‘p‘\b,u\*tiw )

function as 2 desktor comeputer and run the various eseseseail software that

)( is built for PDP-8. Since 2 Particulai applications unrfrucessins; s
: A

e Wl
also usesasthe POP-8y &he- Xt is believed that 4he dominant aerlication wili—be—

r‘b——- ot o VT7€
is reduced in

e ot M
price from 2 to 7 $ by this reeackadings q the size is reduced by 2 factor of]haad weidght b= oo redaat

@OTT PTocesit® on 2 stand alone basis. The W WP78 sui sustem

S
umum%. In this wasy the the terminal is easily movables versus

beind fixed within 2 desk on 2 m rermanent basis.




Fidure PMS78 shows 3 block diadram of the comrlet€sustem. Note that the .
A
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configuration, Fhere—sre —White—i—appaes  The X courling to the VUTS2 ®

structure is precisely the antithesis of ald of the sustems we have x Freviously

. ' “‘ - -
consisdereds It is not modulars butwrather bounded and & - rM W‘LI de)
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CRT is via 3 serial line unit #1. The memory is ‘constrained to have 14 Kwords. /
Tuo /éerial line units can be eprodrammed to reseoned to line rates of 50 to \7

9400 baud. There is a parallel interface which rermits 12 bits to be transﬂerred ot op P (s Kuwvuls /sec.

under program controll  and while the interface is nominally for 3 printers 3ad any

device usind the rrotocol can attach to it. 9 An esrecizlly interesting rort

is the MR78 which rermits serial datz to be loaded into the memory ’ each time d{‘ e jnJ \ o
the start button is pushed, Im-thie~e— A seecial serials read only memory V‘ - _

that T tha
attached to the Fm. for erogram loadind such Jagle 2 comeuter can be Frevideds

trtan o - a, , ) v o A (qu" o nuefum
Auitb.ﬁasi-e—set—o& PrOSranX y that a%e oriented to 4@ particualr applﬁﬁtion, $“"1J~) "‘1 f)‘“{)

The ranel memory is 2 seecial read only memory ’ that is used fopr—s—as

L

~
to provide the basisc functionality for the computer and to handle the diasdnostics prior to imddiss PV"'(W"\ \"’"J “‘J 3

t turpind hte comeuter on viz M the MR78 Program Iniection —meehanist—
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~ © 1. at reduced prices while providing roughly constant performance and

C constant functlonalltyf -- the mini(mum) computerlconstant functionality;
. wi F
< 2. at increased performance and functionality with roughly a \constant price;
- and \
3 \
N T < “\
@ 3. of new basic structures. ten t

afows -

3 The PDP-8 has been re-implemented égg;fimes (in -si% basic structures) with new
’ 3 L technology over a period of fifteen years so as to provide roughly constant

’ ] ;" performance (see Fig. Perf) at a decreasing price (see Figs. Prilce and
V]

- v w sl ¢ piate s (DeCtnpes W'Ffo\rpues )
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9 4 Thi-s flguresshow¥ the egf ct of the constituent parts the three I
configurations processorg 4 kwords of pri y memory,°‘“%h console terminal, T i

: and with a sdnimum—prige secondary memory’for file K

® 4 storage. Note the ba ic computer consisting of processor, memory,, package and :

power' has declined rapldly(at X% per year‘) while the ter-mlnal and econdar'y

\
\

\
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e lorns,

The price and performance trajectory can be seen in Fig.
Priceperf., Note that the earliest implementations had significantlly less
performance than the classical PDP-8. This increased performance |came about
througﬁ/ﬁfgher speed primary memory technology. The performance (i
4instructions ger ;econd) is completely correlated to memory cycle
performance has Beeﬁ’relatlvely easy to obtain, the design emphasis-
continually lowering coe& By spending more, a~eemewha% better
J cost/performance ratiosis p0331b1e and these machines can be obseryved ln—%he
ease-of additional floating point hardware for the 8/E? and 8/A Similarly a
prototype PDP-8 with cache memory (Cassasent, Be 1,and Bell) was cgnstructed
which had substentially greater performance, at- oniy ‘A doubling nf ‘processor N
ice [fFlgure Price also shows the oscillafory stairstep effect that oceurs T -

with new desi P , - .
U((y"( e _ approachs (foctor ) froe ) it B
=~ 1. The 5 was predlcated on minimum price, whereas the classical PDP-8 had- LS X
wN)( additions so—as to be more cost effective while not increasing prlce 6 <
xF’,/,, , significantly, It had a performance of 6+7 times the PDP-5.- o »
o

- Trvssies

Y’ / 2. The PDP-8/S was a response to achieve truly minimum price by serial

o /.9 implementation technology, Since the performance of the 8/S was so

o N terribly slow, the pressugi induce¢ a constant price, integrated circuit

version, /the 8/I. /f"“"”” Arkpes . " o
ov-& @ pruncnmunt) Pl MIAmos aLSen L o

3. Since th 8/1 was relatlvely expensive, \the 8/L was introduced as a cost x g;

reduced persionts bvin, ,.4;' n g z Lo/l Yo POP-8 oo H I  Fes
Al okt ond Ogpoctrtor ; : g

4. The 8/E/was then Jntroduced as a high perfbrmance, large system machine N

enabling larger (than 8/I) systems to be bullt. The-8¢8—ané /M were cost 0. _

reduced, smaller cablnet)ver51ons/m4rif foo Ha 6EM manhe ) -

% oot guickly, 2
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5. The 8/A was introduced at further cost reduction.” Recent, higher priced,
larger versions of the 8/A have been built for the configurations usually
served by the 8/E. Lae e S ' B /& Avesvherdicel,, replace
o /€ arn o ¢ ;f";. o b o Slg hoo hocasod Ewenil

6. In 1976, Intersil and Harris introduced one

chip processors as true Prod,, 4
mini(mal) computers.ct ’

‘aspects of the compyter, A similar plot/of just the processor and memory

Liﬁabomp but separating the power and package costs

have not been sold separat prices have been imputed from the cost.
A similar plot relating to bgard prfice is given in Fig. Spares. Here we note
that the cost of spares has rised sharply with integrated circuits, while the
number of Pc boards has decreaged rapidly. this has occurred both because
Punctionality are more expensive than the

ds. Thus, the smallest replaceable
unit is the computer, caomplete with power supply. This trend to have only one
printed circuit board g¢an be temporarily turned around by using sockets for
integrated circuits. /However, with very large scale integrated (ULSI)
circuits, we would goon expect the complete precessor and 4 kwords (50,000
bits) on a single /integrated circuit.

The physical apf;ibutes of volume, weight, power and\basic computer printed
circuit board /area are given in Fig. Physical. From these graphs it is clear
the price decdlines at a rate roughly proportional to its\constituent
materials.//Figure Physprice displays the per unit cost of\each of the
constituert material indicators.

Figure Physperf gives the per unif\ performence metrics. The two most

important metrics are the performange (in million instructions per second) per
unit space (in ft3) and per unit powdy (in watts). Note the CMOS 8 on a board
has incredible performance/power becauge of t very low power CMOS technology.

Figure Interconnect shows three meajures which are roughly correlated with
power: the amount of wer required), the number of conductors, and the price
to interface to the computers busses. \ These measures are especially
meaningful to minicomputekX users as thej measure complexity (simplicity),
price and operational cost of an interface.

Figure Opprige gives other operational ice data including“the hourly ®nd
particular copfiguration maintenance prides and the cost/watt\ of power. ote
that the inflation rate is also plotted oN the same figure an both the howrly

inflation. These\occur because of the incre
decline in the use

Figure\MIBF shows how the mean\time between fail
basis for the basic machine has increased




power and board area\(see Fig. Physfail). These measurgé are roughly constant

with time.
Several market aspects of\PDP-8 are plotted in Figg. Quan, Tquan, Demand and
Memsize. From Fig. Quan we\see that the life expéctancy of a given model is X
years and has increased somewhat these last yegfs. The increased life
expectancy has come about through better designs, more stable fabrication
technology, the higher cost to produce computers in greater volume and the
increased competitive internal pressure f 16-bit computers. Since the
recent 8/E, F, M, A series all use on bus, individual parts can be made
more competitive (evolved) without t necessity for a complete redesign.
Figure Demand attempts to show that demand for machines is completely
elastic. Note that each time the is reduced by X% the quantity produced
is doubled. We note that the demdnd origipnally was elastic, but then
subsequently became inelastic. /This occurred because a number of DEC Market
Product Lines evolved to use ly the PDP-11.

Figure Memsize gives the ayerage memory size of the PDP-8's. The curve shows
that a significant amoun existing computers by third
party vendors.




H. 12 bt nnchurs-

PwWV Aol ”,j;, He powe, WQA.c,LJ' od Volwma 4
Eéawuz M/{ O\LH; ,SIu)w, : a'(u Osuumr;;(’ &Q’)L%u

s+\]1gs e T rnansd o poteee b

remamsd (gh«*u{(.' Constant Shhvug b Ho 4 CMOSE

e Sl R T e

A
g | ,
;}{u ('7 WA ln/r:g )"{*M“ ‘O—' ot z\?‘éla' W\ﬁ/\—‘ Loz

‘7 77A77“A> p
(/(/V\/.}?Q 1/’

GF'{LOU\/) ) Dhjhm“— Jowr v N Alj : VV ‘}(\‘ POS+ )
Nt e e o S i ik
Soy . o Bxed numben of  dnin and 2edy
Loa & hw o (%QA*"W’(D l\\cTL v haed T CosE
£5%0 o:oﬁo!') l.\rlf/-,? do hﬂ W Ol nA Luu., 7

Li Ko }ﬁu R lumu red a‘CHV‘@L Qan S'\(M"l ‘g ‘/LA

va\;\,\ws Vé‘&&\ﬁov’ _T[\_; wethJ' Ls.(w —eew-j‘}omc

< +€\ *(W 6’6’ &g/)t 1~
L ffowiw fren 5 o 4T R, T WO
B 2 Cobula h Vo ok o d - Boasl

\mjm\mﬂw,@ o CRT ternmurals




1 '. » ¢
\ ¢ -
<i
\ ,./
Yy 0
o
%
\ .
~

4
P = B

4

-
EEES




(aa /L)

o d o é/I/(ON ol L&-@(lnﬂlh-) H\UC[ chjwh oQﬂSLc

/TLV)* 3_5'—"*"::)——‘ 3 ov k'f wia Juones 'QUO‘U’(& YO hdj{j ";LOVV‘
|‘ib3 "'0 1§68. U)l,}f\ (W 5/‘. o slowen —"V“O(,«Ail'b;b\\ L;.)

erlﬁ/\/\ 2o ‘R'OV\A 19 6% fu ‘{177me ot medivm gcole
()
wxh?f’!vcd‘ocp Civ”wtn o U ’;or_Q ié ‘\mplomw‘w&»)iz_— "‘eblV\OI(i(]L:).
(@

il el pradha Ho = bus uwidf  conshauiw (.
Jsgns b be  bwsicatly evoliion,

The CMOS®  aupids  the wide  bus peoblm L»j
moving o bus Yo &—Ei&——ib-o«-&—e;——m“—(‘m
bovie, on Hu - Compten pnted vt Pood. B comp(ite
Y kund FDP-8 Ok\(&j oCempies i sab,:,mkw of
boond ansa. Nofe ot YL medued  VT78 dme oo V
oAl Livs  cost-obledun Vaw e B/A_—ever oot

\)t(cw.u O{ H\ \(b\;&ur" O\( 'WHL Slouwn hp_mfovwww e
)




New technology can be utilized in three basic forms to build computers:

1. at reduced prices while providing roughly constant performance and
constant functionality -- the mini(mum) computer with constant
functionality;

2. at increased performance and functionality with roughly a constant price;
and

3. of new basic structures. e — T e

The PDP-8 has been re-implemented ten times (;E_g few basic staﬂggpres) witg

new technology over a period of fifteen years,ee-as—%eﬁ}ro;¥ﬁe rdﬁgﬂﬁ%y"“"h‘unx

“~cogstant performance (see Fig.aggrf) at a decreasing price (see Figs. P;ice‘73
and' Linprice). The performance is constant as determined by the minimum

amount spent on a core memory.

The figures show the effect of the constituent parts in three configurations
of processor.yithﬂhiggords of primary memory; and with console terminaly and
with a secondary memory (DECtapes or floppies) for file storage. Note the
basic computer consisting of processor, memory, package and power has declined
more rapidly (at 22% and more recently 15% per year) while the terminal and
?secondary memory parts have declined less rapidly. Primary memory has _ 28
' ydeclined in price at roughly 20% per year as seen_in Fig.m@ "The price
\ and performance trajectory can be seen in Fig. Priceperfiwith lines of —
Lﬁ constant price/performance separated at factors of two. Note that the =5
& ¢ earliest implementations had significantly less performance than the classical
,Xﬁ( E\ PDP-8. This increased performance came about through higher speed primary
- memory technology. The performance (in instructions per second) is completely
correlated to memory cycle time in all machines except PDP-5 and 8/S because
these used primary memory for holding the Program Counter, and were y ‘ﬂjﬂ,
i emented using serial techniques, respectively. While performance would >nJ“"i' A
n relatively easy to obtaif, the design emphasis has been on -~ oyx“’"
< continuall wering cost. By spending more, betteqﬂgg§géggrfqpmaﬁée ratios
are poss;p}"and—tn@seﬁmaehdnbs can be observed by addip}gnér\floating point
hardware for the 8/E and 8/A -- but these metrics are outside the scope of our
current analysis. Similarly a prototype PDP-8 with cache memory (€a§X?seﬂ%7— quL lo
~—Beti—and-Beld) was constructed which had/ﬁ;eater performance (fagtggmggvgivgl

while only doubling the processor price. ' I3

igure Bitspricelgives the <7
performance/price metric and it can be directly compared with other machines
in this book. Recall that the 18-bit machines have improved at 52% to 69% per
year -- over a short time span. For comparison, the range of 18-bit designs
are given in the graph. Since we have ignored the PDP-5 design point, the
improvement for the 12-bit machines has been much less radical with only 22%
yearly improvement. However, the evolution of the PDP-5, 8, 8/I and 8/L fails~ .
with the more rapid, 18-bit evolution. P |, A W on
pelorm e P Uik 15 /4 )
Rather than try to fit a single exponential to the datapoints, it is
. worthwhile to consider that we are observing the transition between two
generations. Two, independent exponentials may better serve to model the cost
decline. PDP-5 was a mid-second generation (transistor) while the PDP-8




each time the start button is pushed. A special serial, read only
memory called the Program Injector is attached to the port for program
loading. .In this way a computer can be given a program that is
oriented to.a particular application, simply by changing the port
connection




. 1. random access read write memory (RAM);
2. read only memory (ROM);

3. a parallel interface which enables interrupt signals to be sent
back to the processor and detects IOT select commands for
controlling data transfers; and four specific i/o devices like the f?fﬁ>
universal asynchronous receiver transmitter (UART) for detecting o AU
and buffering serial signals from communications lines. w4¢j‘;*m

} N
The VT78 o %1 ,

4 ANG |
S

The VI78 is possible because of low power cons

of the CMOS-8 chips together with high density/ random access memory Sig o
chips. Its goals are quite simple: to drastically reduce the cost of A;{?ﬁamz
a complete computer system including keyboard, CRT and Mass Storage by f?&2&w~

integrating the processor into one of the exipting cabinets, thereby
eliminating much of the packaging and space. ' Since, the VI52 CRT had
been designed with the notion that more boards would be housed inside
it; the VI78 consists of the CPU system housed within the CRT. THe
optional mass storage -- (the RXO1 flexible disk drives) that are
needed to form a complete stand alone system are housed separately.
The VI78, without mass storage forms the basis for an intelligent
terminal. We consider an intelligent terminal to include a computer
whose program can be loaded (usually via the communications lines)
such that it can take on a variety of characteristics -- i.e., it can
. learn, hence it can be thought of (loosely) as being intelligent.
P W OW YN 1 [Lereold =7 s
The applications for an ﬁtelligent terminal (with computer) are
governed by the network’ to which it is attached, but as a stand alone
computer complete with/ mass storage, it is designed to function as a
desktop computer and gun the various software (especially commercial
applications) that is’built fer PDP-8. Since a particular generic
application, word processing, alsc uses the PDP-8, it is believed that
this will be dominant application on a stand alone basis. The WP78
system based on VI78 is reduced in price from ? to ? by this
repackaging; the size is reduced by a factor of two while the weight
is reduced from ? to ? In this way the terminal is easily movable,
versus being fixed within a desk on a semi-permanent basis.

21
Figﬁge PMST8 shows a block diagram of the complete computer system.
Note that the structure is precisely the antithesis of most of the
systems we have previously considered. It is not modular with
open-ended busses, but is rather bounded and has a relatively fixed
configuration. The coupling to the VI52 CRT is via a serial line unit
#1. The memory is constrained to have 16 Kwords. The serial line
“—units can b& progorammed to respond to line rates of 50 to 9600 baud.

There is a parallel interface which permits 12 bits to be traqsferred
under program control at up to 15 Kwords/sec., and while the interface

is nominally for a printer, any device using khe protocol can attach
to it. The panel memory is a special read only memory that is used to

‘ provide the basic functionality for the computer and to handle the
diagnostics prior to program loading. An espgcially interesting port
is the MK78 which permits serial data to be ldaded into the memory

(1?\0,000 ‘oo‘»d‘)
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HE IN HAR 0 - PROCESS

In 197x Intersil designed the first PDP-8 processor to occupy a single
silicon chip using Complementary MOS (CMOS) technology. We verified
that it was a PDP-8 in 197x and began to apply it to a product in the
fall of 1976. In the meantime, Harris Semiconductor became a second
source to Intersil to supply CMOS-8 chips.

As an interesting sidelight, we began the design of a single chip
P-channel MOS processor-on-a-chip PDP-8, called the 8/B in the fall of
1972, with the basic definition occurring in the spring of 1973 so as
to obtain production chips in the spring of 1974. Thus production
starting in the fall of 1974 seeméd possible. Since the PDP-8
designers had progressed through the design tradeoffs in partitioning
an 8 for a single 40-pin chip in the 8/B project, this was of value in
the CMOS-8 design and its partitioning. This project was stopped in
the summer of 1973 (after about one year) and the Western Digital W, 4
project was begun, with the goal to put a PDP-11 on one or more LSI A

chips. The key reason to stop the design included the P- to N- a0 !
channel transition, and the fact that the 8/E bus did not lend itself /g 7B X o\
to cost reduction with LSI technology. The Omnibus, though ideal for f ,Ji gy X
MSI, and ease of interfacing is not as cost-effective as L i L
time—mpkti %@ﬁ?iy, horter busses that microcomputers use. The LSI-11 W o’ \VﬁM’
design»s%ggkedéfiggt at the beginning of N-channel, hence, a more Y e i
complex design yielding a PDP-11 was possible versus the more R PV
straightforward, and less powerful 8/B design we terminated. 19 5\ Y /S
e t pr o}
The CMOS-8 processor block diagram is given in Fig@ The M)
reader should note, not surprisingly, it looks very much like a ' ,i}“; )
conventional PDP-8 processor design using integrated circuits. It has oy [/ 4
a common data path for manipulating the PC, MA, MQ, AC and Temp “ .25*5 N

(registers). .

The Instruction Register (IR) does not share the common arithmetic
logic unit. A two-way multiplexor is used to transfer addresses to
memory and to receive and transmit data and instructions from memory. W
The Programmed Logic Array (PLA) is a form of read only memory
providing two levels of logic, instead of just data in response to an
address that a(conventional ROM provides. This is the basis of the
microprogramf€0ntrol processor. PLA enables sparse memories (memories
with little data spread over many addresses) to be built more
economically. The output of the PLA controls, via dotted lines in the
figure, the various register transfers including those to the outside
world.

\ 2 d

While the CMOS-8 is the first DEC processor on a single cbip, we are
interested here in a system that can be pbuilt using it.~ The CMOS
integrated circuit also requiresvery little power; however, the main
property of interest is that small §1§L§m§“ca9_ps»ﬁuilt conveniently
with the basic 6100 chips. Figure(EMSQM055§§hows a system built with

6100-type components. It should be noted that several other
components are actually more important than the processor, when it
comes to reducing the number of chips and therefore the total cost of
a system. The chips of interest in the diagram:
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DEC System 10 In-House Requirements (continued)

page 3

Recommendation

Complete CAD 3 order immediately.

Deliver a TU70 for CAD 1.

Deliver the RS04's.

Allow the balance of the order to drift into FY78.

mg
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cowAstin from Tl Onucbus shudiato  FOP-R /T pwd R7L F/O2Guwipnwd -
Since there are no pass-through signals on the bu®, any module
can occupy any slot -- simplifying configuration, design and
testing. A by-product (or perhaps goal) of the Omnibus Structure
is that there are a fixed number of slots and well defifned
electrical transmission char istics since there is no cabling
between options.

/' . v . ‘.” k_
. the earlier PDP-8 implementations. Nett e ot Have oo o Singla, drrer )

TV (f\}r {}. word {n;ﬁ t‘w. s UL 4«5 . S\ ,\\QJ.;. SQ:A&\\t*h

stly determined by the availability contollen .
of Integrated/Circuits (see IMP8BE). Here, multiplexors, register
ic arithmetic logic units &6 perform PDP-8's basic
operations “are all that's needed. Read only memories in the
early 1970's were only about 64 bits, thus a microprogrammed
control is not feasible. The 8/E processor occupies three
printed circuit boards (or about 240 square inches), contrast A
with the original PDP-5 which occupied about J?O goFrdstor/a N (¥ POI-\ j
d

- .’

total of 2100 square inches. (N&le flwn in romgh

LR ”
— 12 / 1@ OY

]

The problem of partitioning the logic and Assigning it to one of

\W three modules arises in the 8/E. Figure IMPE%gshows the clock,
timing and interrupt on one module, the data path on a second and
the control the the last module. By this partitioning, more pins
are required between the data and control modules. This is
accomplished by placing additional connectors on the back edge of

the modules.
® 8/4

In 1975 the 8/A was introduced to extend the 8/E family to a
lower price threshold and provide additional memory capability
particularly by utilizing semiconductor memory chips. The
module size was extended to the DEC hex size (8" by 15"),
enabling somewhat larger options to fit on a single module.
Thus, the 8/A processor could occupy a single module.

In the first implementation, using 1 Kword semiconductor chips,
only 48 chips were needed to form the 4 Kword memory. While this
size memory easily fit on a single quad sized module (or less)
the 8 Kword and 16 Kword core memories are also able to fit. 1In
1977, using 16 Kword chips a memory of 128 Kwords only requires

("\‘L 12 x 8 or 96 chips. Figure VQ the implementation of the

./ processor. The register structure is virtually the same as the
8/M, while the control is a form of microprogramming using read
only memories. This reduces the processor board area from 240
sq. inch to 120 sq. inch.

With greater use of semiconductor memory, especially read only
memories, a scheme was devised and added to the 8/A so that

programs written for read-write memory could be run in read-only
memory. The scheme adds a 13th bit to the read-only memory and

signifies that a particular cell is actually a cell that is both
read and written. When the processor detects the 13th bit, the

. other 12 bits(point #6 a location in some read-write memory wr_lich
aets—to holdsthe variable information. This effectively provides

an indirect memory reference.

(]
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larger and faster in response to a market pressure for more J4
capabilities. Although the evolved PDP-8 I/0 Bus'was L
straight forward, the mechanical packaging and cabling was not.

The

this problem and be more straightforward. While the Omnibus
extends the idea of the PDP-8 1/0 Bus, it has the basic topology
of the DEC unibus, yet is extended to intraprocessor dialogues

) ) ) \(AJMA

Ky
™ I "(/
\ w*

”
, b

0 |}
W20 1 nTze et

IHE 8/E, 8/M AND 8/A

/ / Cung+ruo+QJ %¢¢«thLj

lacement to the PDP-8/L. Since the 8/L had been’compromised—

/Z/E was introduced in 1971, after the PDP—J#{/ai/é/iower cost
eost—reasons over the 8/I, the 8/E ;A'q;d& respécts was

bnmn &a;
Q(‘f‘n ( Elr(vw’ E/L)

a{/\d&f

O;\f(v’

PMA was not bussed, hence any new bus scheme had to address e oLdon

kﬂ_ﬂgﬁa“sma}léF‘(and simpler) with respect to device control. A
block diagram of a complete PDP-8/E computer system is shown in

N/

N

\

Fig

lower half of the diagram, an adapter exists for interconnecting 4% p%cJ*U”

8/1

Hanahin /7 pe

. PMSBE showing all of its available options. Notice in the

and 8/L \Dik 1/0 devices. Thue); ZIE providedt Hove
N e S

Pnysically, an 8/E can hold up to 38 8" by 10" printed circuit

cards (modules) while the 8/M holds only 20 cards. The processor

( . - G ‘[a W‘l
¥ /025 w.pnu,\.f” ool Arseap~o b
¥ ~Haey whp éz

e tive f‘,ur,-f.c
(5,%,8/5) fanilay

hg'a

[ e .

is mounted on three modules, with a fourth terminator module. ’ 50m£f; /'“h/
The console requires one module and a 4 Kword core memory takes : 0, , s, p Sé
up three slots, giving a basic computer on eight 8'x 10"modules E%k ﬁ?OGQ«H
(or 640 sq. in.). Contrast this size to the 18-bit computerg prow:esocs ") Gaty.
which were implemented in about 5000 sq. inches. Py /b%fﬁh(/ /7,
. . : . . g 5 4,
The Omnibus has 144 pins, of which 96 are defined as Omnibus 4 ¢£&
signals. The large number of signals enable much of the (Coh
communication links that exist within X computer to take place. ﬂr” )pé’u,/
The reader should contrast this scheme with the Unibus. / (L[co 454,
Basically the signals can be grouped as follows: ‘ ”[¢ H g f?f 9
” f') Ot ¢ A c’l(-‘}/

1. Master timing to all components.
2. Processor state to console -- A console can continuously

interrogate and update the processor.
3. Processor request to memory for instructions and data. U//
4. Processor to I/g device commands ?R;he proceésor<issuggl/0

Transfer (IOT) instructions to move data between the AC and )

an 1/0 Device. - /QrcAtwvii‘W
5. 1/0 Device to processor signalling completion (Program

Interrupts). both dared PR
6. 1/0 Direct Memory Access control -- The processor takes on

the control and update of memory for'3 cycle memory
transfers. Unlike the Unibus, the processor handles much
more of the control when DMA and interrupt requests are made.
If we are only concerned with the signals between the
computer and 1/0 Devices for programmed control, then
approximately 30 signals are involved. Adding DMA capability
requires 50 more signals. These are the same signals used in

|
G oot




processor, 4 Kwords, serial line interface).

A processor-on-a-chip PDP-8 was introduced by Intersil Corporation (1976)
and Harris Semiconductor (1977) using Complementary Metal On Semiconductor
(CMOS). The CMOS-8 structure is shown in Fig. PMSCMOS8 in terms of the
semiconductors that form the set of chips that constitute the structure.
While this processor-on-a-chip structure is interesting, we will explore
its application to form an intelligent terminal with computer and its own
mass storage in the form of the VT78 Figure PMS78 gives the structure of
the termlnal Pag———— =

> A \
“The ISP of the PDP-8 Be is about the most frividl in the book and anywhere. —"
It has only a few data operators, namely, <-<, +, - (negative of), 1 (noQ,
Ay /2, x 2, (optional) x, /, and normalize. >It operates on words, integers,
nd boolean vectors.  However, there are microcoded instrugtions, ]whlch
lli;_compound instructions to be formed in a single instruction.
__?Dp-
he ¢ mpute:?is straightforward and illustrates the leve f of a computer
tructure. We can easily look at it from the "top down." The C in PMS

otation is ... /

-- Use Bell, and Newell p120-136 bhbh@n 4. / } :
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Introduction ?fﬁ’zjf‘j

1 I
The PDP-8 is a single-address, 12-bit-word computer of the second
generation. It is d§§igned for task environments with minimum arithmetic
computing and small(yp requirements. For example, it can be used to
control laboratory instrument, such as a pulse height analyzer or a
spectrum analyzer. These applications are typical of the laboratory and
process control requirements for which the machine was designed. As
another example, it can serve as a message concentrator by controlling
telephone lines to which typewriters and Teletypes are attached. The
computer occasionally stands alone as a small-scale general-purpose
computer. It is,db@t often used in this, role as the laboratory computer
for tge4§p}gatist, and more recentlyxgﬁﬂa word processing console, and as a
small businéss computer. It was introduced as a small-scale
general-purpose time-sharing system, called TSS/8, based on work at
Carnegie-Mellon University and DEC. It is used as a KT(display) when it
has a P(display; '338). The PDP-8 Family has achieved a production status
formerly ?eﬁgrved for IBM,coyprters;-about 50,000 have been constructed4ﬂuaw
+Ha Lret Yl s h SAa L4e OVen :
The PDP-8 is typical of several 12-bit computers: the early CDC-160 series
(1960), CDC-6600 Peripheral and Control Processor, the SDS-92, M.I.T.
Lincoln Laboratory's Laboratory Instrument Computer LINC (1963), the DEC
LINC and PDP-12, Washington University's Programmed Console (1967), and the
SCC 650 (1966). The Family (transistor, 1963111?DP-8 (1965), PDP-8/S

(serial, 1966),and PDP-8/1 (integrated cirouit+—19685-, PDP-8/L (integrated

WO o

‘Eégguit‘”1968)jconstitute a series of computers based on evolving for b pre-
technology. All of these have identical ISP's. Theip PMS structures(are 1§70
nearly identical, and all components other than Pc and Mp are compatible ma dhumas

throughout the series. The LINC-8-338 PMS structure is presented in Fig.
1. A cost performance tradeoff took place in the PDP-8 (parallel-by-word
arithmetic) and PDP-8/S (serial-by-bit arithmetic) implementations. A
PDP-8/S is one-fifteenth of a PDP-8 at one-half the cost. The performance
factors can be attributed to 8/16 or 5.0 for Mp speed and a factor of about
3 for logical organization, even though the same 2-megahertz logic clock is
used in both cases. The PDP-8 is about 6.3 times a PDP-5.

In 1971 the physical implementation structure was changed to the Omnibus,
along the lines of the PDP-11 Unibus structure. The Omnibus has 96 signals
that provide interconnection among all computer components (e.g.,
processor, memory, Teletype, disk). The PDP-8/E is the first
implementation using the Omnibus; it was followed by size and cost reduced
versions led the 8/F and 8/M in 1972. The basic 8/E processor has a
memory of microseconds. The computer components occupy one or more 8n x
10" prinﬁ%d circuit boards (modules). The 8/E and 8/M hold 38 and 20
modules respectively; 8 slots are required for the basic computer and

4 Kword memory.

In 1975 the 8/A, a further cost reduced version of the Omnibus structure,
was introduced. The module size was increased to DEC hex size (8" x 15")
and the 8/A holds up to modules ( slots are required for console,
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' represents a late second generation and the 8/1 (and 6/L) are beginning third
generation designs. These 3 or 4 machines evolved rapidly from 1963 to 1968.
:? With the 8/L, a slower evolution is experienced from 1968 to 1977 as medium
Scale integrated circuits are used as the implementation technology. 1In
4§ actual.practice, the bus width constrains the designs to be basically
= evolutionary. Aiﬁﬂhﬁtfj 00161, four
X’ The CM0S-8 avoids the wide bus problem by moving the bus to lines on thii//
:; computer printed circuit board. A complete 4 Kword PDP-8 only occupies & sq.
- inches of board area. Note,that the VI78 is less cost-effective than an 8/4,
- because of the factor of thrkf slower performance.

|

~‘_—"'? 1%0nd FY — hopreve ;
Figures PpiGe also Bfowg'the oscillatory stairstep effect that occurs with new
design approaches:

O !'ﬂ")‘l i (’t'(\ﬂ(d ”[ 'y I ‘/-r ¢ f’-‘é /(\,‘h’ ’/ "‘ ’ lAL%[/J} {.‘A-(I("/‘ /(A, ?‘

1. The 5 was predicated on minimum price, whezé;s the classical PDP-8 went—to Aacii
additions to be more cost effective while not increasing price
significantly over a slower speed design. The PDP-8 had a performance of
6 times the PDP-5 -- and crosses three lines of constant\price/performance.

(V.LL 3 rLee
st ’

2. The PDP-8/S was a_response to achieve truly minimum price by serial
implementation technology and a minimum price memory design. Since the
performance of the 8/S was so terribly slow, the pressure may have helped
induce a constant price, integrated circuit version, the 8/I.

3. Since the 8/1 was relatively expensive, both to PDP-8 and the 8/S the 8/L
‘ was introduced quickly as a cost reduced version to bring it in line with

market needs and expectations.
wa” G~

4, The 8/E was then introduced as a high performance, large syStem machine
enabling larger (than 8/L) systems to be built. The 8/M ‘weré cost
reduced, smaller cabinet versions needed for the OEM market.

5. The 8/A was introduced as a further cost reduction to the 8/E and 8/M.
Recent, higher priced, larger versions of the 8/A have been built for the

1{ configurations usually served by the 8/E. Also since the 8/A doesn't
R entirely replace the 8/E as a systems machine, the 8/E has necessarily
~ remained in production.

( now called pnicnzcemp o)
6. In 1976, Intersil and Harris introduced one chip, CMOS PDP-8 processors as g,
true mini(mal) computerX at minimal costs. /Y)éa”ﬂf“f; W n2pt s Bp o
/Lﬁ » eresd ferforma el J yes OF R Y more rrantiy 0w ,/.'/: Sama ¢ A o ‘/ ) ‘
Figure\Ewy,ﬁy@gh presentx the power, weight and volume of the 12-bit machines anAJ«
—alse shows the oscillating design styles. In general, the power has remained
relatively constant, although the CMOS-8 design drastically cuts the power
needs for the VI78 (the power is also less because there are limited options).
Constant power is needed in the post 1970 designs because the package must
house a fixed number of devices and each device has a relatively high overhead
power cost associated with driving the Omnibus.

Likewise the volume is relatively constant for the Omnibus designs. The

‘ weight and volume have declined significantly with time as the design has
moved from 2 cabinéﬁ, to 1/2 cabinet and finally to being embedded in a CRT
terminal. X
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The Twelve Bit Machines

| The Linc

<t Contrpl Dot (‘-fvwﬁuxs(CDC)
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&%e Laboratory INstrument Computer (LINC) computer was one of

o V”(? \l }/(,-L_,.w(f;:,\_( \l\n ‘*‘-U"V‘\ (% )

|

the machines that had a great influence on the design of the
<

‘ PDP-4 and the PDP-5, as indicated in Chapter id/$hﬁ;ya

discussion of the DEC 12-bit machines must start with the LINC. 3
. Chokh md+ﬁ4mﬂfw‘) O
‘ The LINC (Clark and Molnar, 196”)) was( des:L ed -at—the—M- I, T\
~the first rersum - LINC /&mwsh«'ﬂ) w TY\MJ\ lﬁ(,), ur o Hhe M. ( 1
| Lincoln Laboratory
| :IV‘ 1967 LINC woe ft&m;,rvf fm— rnueluuﬁn g o SM,t,c'.,J/T;.&'f g :_JZM/ 7./
| ,__group of the M.I.T. Research -Laboretery—for—
Collid ¥ (Mdt/\ Du'bcfn\ymf' 0}11& "
Electronics. While i%ts contribution to DEC history is primarily
Hu HAINC's
that of a PDP-4/PDP-5 forerunner, a number of other ideas came

KPP ppf

from %hak~_mteh1ﬁe¢“'The LINC tape wunit and system ideas

S\&’)mo‘“/l ("U’LL,. Tﬁ&/u
@ SA«OWWA\A/M N'Ftﬁ.

that permitted a user to have personal files were later carried :
Tl 1{4 {z ol © } s
over directly into the DECtape design and programs. Thi is-devioe

made possible at a reasonable price the first complete personal

computer for the user, in this case the researcher. The crig%naf7i_, Sif'
MV(/‘NVN/’ q"na.nl 51/@+ Sbgs—TpE TRy

LINC had been made ?m DEC Systems Modulesji whieh—was

J/gdﬁggL_guuu1 DEC w on —to—manufacture’ LINszaéh{nea A
I Wﬁld!m}\ 3 Vi : ) v ,’ / > 2
directly from the'ﬁfmaﬁnr—hﬂnnﬂﬁefg%design (Fig (A . /S /‘”

. Subsequently, Wes Clark with Dick Clayton designed the LINC-8




Later, Dick Clayton designed

the \PDP-12 , a single physical processor that

executed either PDP-8 or LINC instructions sequentially by
switching modes.

Some of the characteristics of the LINC Family machines are

4 ot phdoqiagdre oppuan in Feg 0,0/, 0nd 0,0t O

given in Table ,96. Note that the size remained essentially

constant at one cabinet over the computer's life.

1
Table LINC Family Characteristics

A

LINC LINC-8 PDP-12
Project start 1961 Summer 1965 6/67
First ship 3/62 (demo) 8/66 6/69
Withdrawn 12/69 12/69 6/75
No. Produced 50(21 by DEC) 143 1000
Price (min.) $43,600 $38,500 $28,100
__________________ 5

Goals/features complete system cost;gﬁd PDP-8 1larger scope,
for laboratory software/hsmdw* bus compatible
user (including compatibility, with 8/I
file system and use—of PDP=86—
CRT %) —eomponents—




pluaw Spmeln

. Size 69 x 32 x 30 69 x 32 x 33 76 x 35 x 33
tape, keyboard,

and console awd inftrconmdim

pxes
Mp-Pc -accesses 125 K = 067
er S2Cy b7 K L7 K
~(Mega)— PDP-8 memory 8/1 memory
Weight ? ? 700
Power (watts) 1000 2000 < 2000
CRT ~N T 1 - scope 7'xg"
\’0 ' CRT
%4 w’\, ) Q)

The systems aspect of LINC (ecirca 1962) were really quite
significantly ahead of their time and ahead of other systems

. including the timesharing work in terms of providing a clean, '

simple, yet powerful console -Mﬁﬂm&fﬁe&l%nd g)\r(u

LINC'hfu I’)(A/;Q,d : fl

file system interface (Feigw——o6~" The DECtape library system | |
[

came two years later on PDP-5. On machines prior to the LINC,

DEC had been stressing design flexibility and modularity, and

had been providing many ways for interconnecting computer

\ components in order to have any type of structure. This
detracted from having a base system configuration complete with
’ software. In contrast, the LINC was quite constrained (only 1

Kword or 2 Kwords of primary memory were available) with two /

LINC tapes and —QLW%_CRT . Almost all of the other

characteristics including the I/0 interface were also quite
A bt e ownl A U\‘(.r«""

G

v

constrained. By bounding the system J.n——th.;\_s.,_uay, it was

‘ possible to provide a complete environment including software i~ A f"‘f{ﬂ %n’

,uu}(‘v\k,-f Rameor &\ wara 3¢ Hunace
(ZMLLUL ¢ ‘
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The PDP-5

~

5
As indicated in Chapter/#f discussions with Foxboro Corporation

in the fall of 1961 led to the design, using many LINC ideas, of
a 12-bit Digital Controller called the DC-12. Instead of
building the DC-12, DEC built the PDP-4 and sold one to Atomic
Energy Limited of Canada. As they used it for a reactor control
computer system at Chalk River, an elaborate analog monitoring

system was needed as a front end for the PDP-4. To reduce the

complexity of the analog system, a spe01al front end computer “c%
CLU,(’LJ— s LG pres Pank g bnth—gd—icrrert Rttt e Ty
was needed. ;l){ bit L-1 <ée54gn was brlefly considered but

was soon rejected because the encoded analog values required
longer words and bécause the program size and program complexity
seemed too great for such a small computer. After visiting Chalk
River in the winter of 1962, DEC engineers decided that a 12-bit
design based on the DC-12 would be excellent for such a PDP-4
process control front end application. The ISP for the new
machine, the PDP-5, was specified in detail by Alan Kotok and
Gordon Bell, and the logic design was carried out by Edson

DeCastro, the applications engineer responsible for building the

analog front end at Chalk River.

The intent of the design was simplicity so that it would take no
longer to design the PDP-5 than it had taken to design the

analog front end that it would be replacing. The machine used




the standard modules that were developed for the PDP-4,
including the concept of bit-slice construction for the
accumulator, memory address, and memory buffer registers. The
analog nature of +the initial application was addressed by
building an analog to digital converter into the accumulator,
thus providing this capability at extremely low cost. The other
part of the design that addressed cost was the use of an I/0 bus
instead of the radial structure that had been used in the 18-bit
designs. The I/0 bus permitted equipment options to be added
incrementally from a 2zero base 1instead of having the
pre-allocated space, wiring, and cable drivers that
characterized the radial structure. This lowered the entry cost

of the system and simplified the later reconfiguring of machines

in the field.

Although the design was optimized around the 4 Kword memory, the
PDP-5s ultimately evolved to 32 Kword configurations using a
memory extension unit. Similarly, although the base machine
design did not include built in multiply and divide functions,

these were added later in the form of an Extended Arithmetic

/

Element. (__LM Ho C00-F wua &Lw o  enbrof, e
Qsp‘wd'u'\w ‘f.« o b ke wand M‘D Py svral-w\. St
L. cﬁun37 Ao~ i LA»ij @L«AUTJTJA- (Fis i )‘

The PDP-8

While the PDP-5 had been a reasonably successful computer, it




' soon became evident that a new machine with far greater
I performance was required. A new series of modules, the Flip Chip
r series, was being developed for the PDP-7 and for +the new
| version of the PDP-5. The new logic promised a substantial speed
improvement, and new memory technology was becoming available
that would permit the memory cycle time to be shortened from the
6 microseconds of the PDP-5 to 1.6 microseconds for the new
machine. In addition, the cost of logic was now low enough so
that the program counter could be moved from memory fto a

separate register, substantially reducing instruction execution

times. The new machine was called the PDP-8(sen Frg —— ) |
In a fashion similar to the technical developments that marked
‘ the eighteen bit family, the new twelve bit machine was
| phéygcally smaller than its predecessor. This time, however, the
change was more than simply a change from three cabinets to two
} or from two cabinets to one. It was a change from one cabinet to
} a half cabinet. The new small size meant that the PDP-8 was the
first true minicomputer. It could be placed on top of a 1lab
bench or built into equipment. It was this latter property that

was the most important, as it laid the groun?zgii—_fgijgg:;_

et éégg;/ €he OEM (Original Equipment

Manufacturer) purchase of computers to be integrated into total

systems sold by the OEM.

The improvements in logic density permitted by the new Flip Chip

. modules also influenced the packaging and the manufacturing




methods. The PDP-8 1logic modules were mounted in connector
blocks, which were in turn mounted in frames. The two frames
were each the maximum size that could be accommodated in the new
Gardner-Denver automatic wire-wrapping machine. Automatic
wire-wrapping was veby important to the mass production success
of the PDP-8, as it was fast and accurate. The two wire-wrapped
frames hung vertically and were hinged about a vertical axis at
the rear of the computer cabinet. In some ways they resembled
the pages of a book, with the wire-wrap pins on the surfaces
that faced each other. The use of this swinging gate backplane,
similar to that on the PDPji; permitted access by maintenance

personnel to both the connection pins and the modules.

Like its predecessor, the PDP-5, the PDP-8 was a:ingle-address
12-bit computer designed for task environments with minimum
arithmetic computing and small primary memory requirements.
Typical of these environments were process control applications
and laboratory applications such as controlling pulse height

analyzers and spectrum analyzers.

In addition to the envisioned applications, the PDP-8 was used
for innumerable other applications. One of the most interesting
was in message switching. The PDP-8 message switching hardware
assembled characters by bit sampling, checking the status of
teleprinter lines at five times the anticipated bit rate in
order to accurately recover the data. Another interesting

application was the TSS/8 small-scale general purpose

.
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time-sharing system developed by Carnegie-Mellon University and

pEC{ van de %& ok ol 19°69), L'nw gﬁ]

The PDP-8 was the first of the "8 Fémily", a designation which
will be used in this book to include all machines containing the
letters PDP and the digit 8. A subset, called "Omnibus 8"
machines, will be introduced later when the PDP-8/E, PDP-8/M,

and PDP-8/A machines are discussed.

The PDP-8, which was first shipped in April 1965, and the other
8 Family machines that followed it, achieved a production status

formerly reserved for IBM computers, as overfé0,000Yhachines
excludig fu CMOS- 2 Buwaud Cem(\chp-r,

have been produced] Durlng the fifteen years that these machines

have been produced, logic cost per function decreased by orders

of magnitude, permitting the cost of entire systems to Dbe

reduced by a factor of ten. Thus the 8 Family offers a rare

opportunity of study the effect of. technology on implementations

of the same ISP.

The PDP-8 was followed in late 1966 by the PDP-8/S,Aﬁ. cost

reduced version. The 8/3 was truly small in size, being scarcely

implementing the 8 ISP in serial fashion. This did reduce the

cost, but it so radically reduced the performance that the

machine was not a good seller.

(jc/s )

In 1968, the PDP-8/I,was produced, using MSI integrated circuits

7
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influencial product (Bell/van der Goor 19xx).. While only a hundred or so \\\\
— Y lY/‘ — bre c.au et ol 6{./ no teg, JC i i V”.Zh.’
Systems were sold TSS/8 is the lowest cost (per system and per user) and ey, o
J A " a,
B . AL,
highest performance/cost timesharing system;ﬁEC‘providEST'—%he—reason—{%@ ﬂ'ﬁv, “
~h" -—
. l"] L/(' {’
themlaekmofmeemmerciar—success7“may“be~Btmpty’tHE”fact'thatj”as TT Came 12;3;‘
e

along,,LhewdeuelopmentJand,manketing efforts were redirected. —On the—other
hand,~TSS/8 required some understanding;, and the time required to sell such
éuSYStem may be greater—than-that—atiowed (irery—itmay be underpriced in

terms df“ﬁbffﬁare”bdmplekifVTi A major side benefit of TSS/8 was the

training of eme—of the implementorsr—Ne%e—ieiehhe&%ay who went on to
—Propese—and—first implement the RSTS timesharing system for PDP-11 based on

the BASIC language.

. dent
" i ity, with graduate stu
'155/8 was designed at Carnegie-Mellon Unlversity, performance,

i i i 1 i f IBM' TSS/3 O (M )
r 1abl )

8 ] | . ]




Satish Rege

Computer aided design of digital systems at the register transfer (RT) level

has been a subject of research for some time. Major work in this area has been

done by Barbacci (3) at Carnegie-Mellon University. Figure 1 gives a block

diagram of a design process at the RT level as conceived by Barbacci (3).
3his paper addresses cne aspect (or one block) in that design process; namely,
the problem of the physical allocation in RT level design. The problem is
addressed such that the solutions are easily implementable as an algorithm on

a computer and may form a sub-part of the complete design process shown in Figure 1.

A MODEL FOR THE DESIGN TASK

The digital system design task usually starts with a functional specification of

some computational activity. The task of the designer is to create a structure -
a digital control and a data part - that carries out the computational activity.

The design of the control and the data part is a complex activity and may be

performed in various ways.

In the data part design task there are several subtasks, which themselves should
be studied first in isclation. In this paper one such subtask is considered;
namely, the allocation of data operations to data operators. To enable us to
study this subtask in isolation, we have assumed that the other aspects of the
system design are already bound. This binding is conveyed to the data part

designer by way of a control program.

A control program (CP) is defined to be a flowchart specification of the com-
putational activity with the following properties:

1. The variables that are manipulated in the computational activity have
already been assigned to registers in the CP, but there has been no
binding of data operations to data operators.

2. The sequence of operations is fixed by the CP. 1In this paper we limit /ﬂ
ourselves to CP's that have no concurrently active paths, i.e., serial
control programs. Methods for generating and evaluating a variety of
serial and concurrent CP's for a computational activity, given an ini-

tial CP, are reported by Barbacci (3).

The data operator allocation task is now defined as follows: Given the registers
and the data operator types designated by the control program, postulate for the
data part of the system a number of physical data opeartors of each type and

allocate specific operations from the CP to specific operators of the given

’



to implement the PDP-8 ISP with better performance than the 8,
and at 2/3 the price. For those customers wishing a package with
less option mounting space, but still with good performance, the
PDP—B/quas in{;oduced later in that same year.

The PDP-8/S, PDP-8/I, and PDP-8/L are mentioned only briefly
here because their characteristics were basically dictated by
the cost and performance improvements made possible by the
emerging integrated circuit technology. The cost and performance

figures for these machines are examined in greater detail in the

charts at the end of this chapter.

The 8/E, 8/M, and 8/A

Shortly after the introduction of the PDP-8/L, it became evident
that customers wanted a faster and more expandable machine. The
continuing technological trend toward higher density logic and
some new concepts in packaging made it possible to satisfy both
of these requirements but to still produce a new machine that

would be cheaper than its predecessor. The new machine was the

PDP-S/E(AJ/?") — )

A block diagram of a complete PDP-8/E computer system is shown

in Figur;*?§£>Note that the lower half of the drawing shows an
\
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adapter for interconnecting the positive‘tﬁgfg.family (8/1 and
8/L) I/0 devices. In addition, signal converters were available
| | . bis
to convert a step further to the older negative—<logie- family
(5,8,and 8/s) I/0 devices. In this way, the new machine could
capitalize on the existing hardware option base. It would not be
necessary to design a complete new set of options at the time of
machine introduction and existing customers could upgrade to the

new computer without needing to buy new peripherals.

The reason for wusing an adapter to connect to existing I/0
devices was that the PDP-8/E featured a new unified-bus I/0 bus
implementation derived from the Unibus that was being designed
for the PDP-11. The electrical design of the I/0 bus for both
the previous negative logic and positive—&égic machines had been
straightforward, but the mechanical packaging and cabling had
not. A new implementation was needed which would simplify the
packaging and cabling and solve the problems created by the
direct memory access channel, which had not been bussed in
previous designs. Don White, who was leading the design team,
conducted a contest to name the new bus. After discarding such

entries as "Blunderbus", the name Omnibus was chosen.

The Omnibus, which is still in use in the PDP-8/A, has 144 pins,
of which 96 are defined as Omnibus signals. The remainder are
power and ground. The large number of signals permit a great

number of the intraprocessor communications links as well as the

I/0 signals to be accommodated. The Omnibus signals can be




grouped as follows:
a) Master timing to all components
b) Processor state information to the console

¢) Processor request to memory for instructions and data
d) Processor to I/0 device commands and data transfer

e) I/0 device to processor signalling completion (interrupts)

f) I/0 direct memory access control for both direct and three

cycle data break transfers

The approxiXéately thirty signals in groups d) and e) above
provide programmed I/0 capability. There are about fifty signals
in group f) to provide the DMA capability. These eighty signals
are nearly equivalent in quantity and function to the preceding
PDP-8 I/0O bus design making the conversion from Omnibus

structure to PDP-8/I and PDP-8/L I/0 equipment very simple.

The complement of signals is quite different from the PDP-11
Unibus, which 1is more strictly an I/0 bus, and the PDP-8/E
processor handled many more of the DMA and interrupt control

functions than does the PDP-11 processor. One of the specific

signalling structures that differs between the two machines 1is




the interrupt system, which in a PDP-11 Unibus passes a bus
grant signal through the I/0 options to be propagated further or
absorbed by the option. There are no such pass-through signals
on the Omnibus, hence any option can occupy any slot and
intervening slots between installed options can be left vacant.
A by-product (or dﬂfhaps goal) of the Omnibus structurebgg(that
there are a fixed number of slots and the lack of cabling
between options causes there to be well defined electrical

transmission characteristics.

The processor for the PDP-8/E occupied three 8 inch by 10 inch
boards; U4 Kwords of core memory took up three more boards; a
terminator board and the console board completed the minimum
system configuration. Thus a total of eight 8 by 10 boards
formed a complete system. The three board PDP-8/E processor,
occupying 240 square inches, was a striking contrast to the 100

board PDP-5 processor, which occupied 2100 square inches.

integrated circuits.

register files, and basic arithmetic logic—uhits performed the
basic operations in a straightforward fashion using a simple
sequential controller. Microprogrammed control was not feasible
because suitable read only memories were not available. The read
only rope magnetic memory of the PDP-9 was too expensive and
was unsuitable for PDP-8/E packaging. Integrated circuit read

only memories available at that time were too small, only




holding about 64 bits.

There was some problem partioning |the processor logic amongst
the three modules./ Figure 17 show%/the final arrangement, which
was to place timing and interrgp{/on one module, the data path
on a second, anq the coq}péi on the third. Even with this
partioning, more p?ﬁs—wé?g/required between the data and control
modules than were available through the Omnibus. To provide the

necessary connections, additional connectors were installed on

each module on the edge opposite the Omnibus connections.

The PDP-8/E was mounted in a chassis which had space and power
to accommodate two blocks of Omnibus slots. Thirty eight modules
could be mounted in the slots, allowing space for the processor
and almost thirty peripheral option controllers. Many customers
wanted to build the PDP-8/E into small cabinets and have 1t
control only a few things. They found the large chassis and its
associated price to be more than they wanted. To reach this

market, the PDP-8/M was designed.

The PDP-8/M was essentially a PDP-8/E that had been cut in half.
The cabinet had half the depth of a PDP-8/E and the power supply
was half as big. There were 18 slots available, enough for the
processor and about ten options. The processor was the same as

that for a PDP-8/E.

By 1975, DEC had been building "hex" size printed circuit boards




for the PDP-11/05 and PDP-11/40 for at least two years. The
"hex" boards were 8 inches by 15 inches, half again as big as
the "quad" boards used in the PDP-8/E and PDP-8/M, which were 8
inches by 10 inches. The dimensional difi;encﬁf/SZS along the
contact side of the board. A "hex" board had six sets of 36
contacts while +the "quad" board had only four sets.
Semiconductor memory chips had also become available, so a new
machine was designed to wutilize the 1larger boards and new Q)k}
memories to extend the PDP-8/E, PDP-8/M family to a new lower

(s K5 )

price range. The new machine was the PDP-8/A. kﬂ,{ /Dﬁ% PW
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The hex modules permitted some of the peripheral contféiier
options that had occupied several quad boards in the PDP-8/E to
(sen g ¥/R Y

fit on a single board in the PDP-8/A. The availability of hex
boards and the availability of larger semiconductor read-only
memories permitted the PDP-8/A processor to use microprogrammed
control and fit onto a single board. It should be noted here
that when a logic system occupies more than one board, a lot of
space on each board is used by eteh runs going to the
connectors. This was particularly true with the PDP-8/E and
PDP-8/M processor boards due to the contacts on two edges of the
boards. When an option is condensed to a single board, more
space becomes available than square inch comparisons would at

first indicate because many of the etch lines to the contacts

are no longer required.

The first PDP-8/A semiconductor memory offering took only 48




chips (1 kbits each) to implement 4 Kwords of memory. Memories
of 8 Kwords and 16 Kwords were also offered. In 1977, only 96
16Kbit chips were needed to offer a 128 Kword memory. With
greater use of semiconductor memory, especially read-only
memories, a scheme was devised and added to the 8/A which would
permit programs written for read/write memory to be run in
read-only memory. The scheme adds a thirteenth bit to the
read-only memory to signify that a particular 1location is
actually a location that is both read and written. When the
processor detects the assertion of the thirteenth bit, the
processor uses the other twelve bits to address a location in
some read/write memory which holds the variable information.

This effectively provides an indirect memory reference.

In 1976, an option to improve the speed of floating point
computation was added to the PDP-8/A. This option, the FPP8/A,
is a single accumulator floating point processor occuping two
hex boards and compatible with the floating point processor for
the PDP-12, the FPP12/A. It supports 3 or 6 word floating point
arithmetic (12-bit exponent and 24 or 60-bit fraction) and 2
word double precision 24-bit arithmetic. As a completely
independent processor with its own ISP, it has its own program
counter and eight index registers. The performance,
approxiamately equal to an IBM 360 Model 40, provides what 1is
probably the highest performance/cost ratio of any computer.

More "Omnibus 8" computers (PDP-8/E, PDP-8/M, PDP-8/A) [co ers

-




have been constructed than any of the previous models. The high
volume appears to be due to the basic simplicity of the design,
together with the ability of the user to easily build rather

arbitrary system configurations.

In the Fall of 1972, DEC began the design of a single chip
P-channel MOS processor to execute the PDP-8 instruction set.
This processor would be called the PDP-8/B and it was hoped that
production chips could be obtained by the Spring of 1974 for
production computer systems to be shipped in the Fall of 19Th.
The designers had progressed through the design tradeoffs in
partitioning an 8 for a single 40-pin chip when the project was
stopped in the Summer of 1973. The key reasons for stopping the
design included the industry trend from P-channel to N-channel
and the fact that the Omnibus did not lend itself to cost
reductions with LSI technology. While the Omnibus was ideal for
MSI and ease of interfacing, it was not as cost effective as the
time division multiplexed (address and data on the same leads at
different times), shorter busses that microcomputers used. The
percentage of system cost and complexity represented by the
processor in an Omnibus 8 system was too low to make the move to
as LSI processor attractive at that time. For these reasons, it
was decided to apply the newer N-channel LSI process to a system
where the processor was a more complex and costly part of the
system - the PDP-11 family. Thus, in the Summer of 1973, a
project was started in cooperation with Western Digital

Corporation to build a PDP-11 on one or more N-channel LSI
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chips.
f
b S
In 197x, Intersil de§¥éned the first PDP-8 processor to occupy a
single chip, using Complementary Metal Oxide on Silicon (CMOS)
technology. DEC verified that it was a PDP-B/zaQ}ﬁﬂﬂ and began
to apply it to a product in the Fall of 1976. In the meantime,
Harris Semiconductor became a second source to Intersil to
supply the chips. The two manufacturers each have their own
designation for these chips, but in the discussion beloWw tk;y

will be called "CMOS-8" chips.

The CMOS-8 processor block diagram is given in/Figure . Not

surprisingly, it looks very much 1like a convéntional BDP-8/E

/

. -

processor design using integrated circuits. It has—a-common data
path for manipulating the PC (Program Counter), MA (Memory
Address), MQ (Multiplier/Quotient), AC (Accumulator) and Temp
(Temporary) registers. The IR (Instruction Register), however,
does not share the common arithmetic 1logic unit. Register
transfers, including those *to the "outside world", are
controlled by a PLA (Programmed Logic Array), as indicated by
the dotted lines in the figure. The PLA is a form of read only
memory, but differs from a conventional ROM in that the outputs
are based on boolean logical (combinatorial logic) relationships
amongst the inputs rather than being simply particular output
data in response to particular addresses as inputs. They are

implementations of sparse memories (memories with little data

spread over many addresses), but can be built more economically




than ROM implementations of the same combinatorial 1logic

~

function. C

While the CM0S-8 is the first DEC processor to be built on a

single chip, the most interesting thing about it is the systems
configurations that it makes possible. It is not only small in
size (a single 40 pin chip), but it also has miniscule power
requirements due to its CMOS construig}aﬁfzwggabx some very
compact systems can be built using it§ Figure¢a0 sy6ws a system
built with a CMO0S-8 and CMOS-8 cémpatibli/éé;ponentsffzz
contrast to past systems, some of thé“ﬁfﬁg;/components in the
system now represent more dollar cost and more physical space
than the processor. Among these are the RAM (random access
read/write memory), the ROM (read only memory), and the Parallel
Interface Elements associated with the I/0 devices. The Parallel
Interface Elements enable interrupt signals to be sent back to
the processor and detect the IOT (Input/Output Transfer)
commands that control data transfers. Also shown in the figure
are some specifiec I/0 devices such as the UART (Universal
Asynchronous Receiver Transmitter) chips that do serial/parallel

conversions and formatting for communication lines.

An excellent example of the use of a CM0S-8 as part of a
packaged system 1is the VI78. The goals for the VTT78 are to
drastically reduce costs by including keyboard, CRT, and
processor in a single package the size of an ordinary terminal.

The CMOS-8 chip and high density RAM chips make this possible.




To form a complete stand alone computer system that supports

five terminals, mass storage is added. Because the mass storage
is floppy disks, the mass storage is not in the terminal, but
rather is in a small cabinet. Even without the mass storage,
however, the VT78 forms an "intelligent terminal". An
intelligent terminal is wusually difined to include a computer
whose program can be loaded (usually via a communication line)
such that it can take on a variety of characteristics - i.e. it

can learn.

An intelligent terminal can either be used as part of a network
or as a stand alone computer system. In the former case, the
application is determined by the network to which the terminal
is attached, but in the latter cass the terminal functions as a

desktop computer running 4rious PDP-8§ software. An example of
the latter use is the WP78 word bggﬁzgsing system which permits
a user to do editing, do\jnstifiaétion, and recall a store of
stapndard forgg\in addition to other word processing functions.

)

//
Figure 21 shows a block diagram of a VT78 computer system. Note
\that the structure is precisely the antithesis of most of the
$§§téh$ previously described because it is not modular with open
ended busses, but rather is tightly bounded. A single VT52
terminal is provided and the memory is limited to 16K words.
There is an interface provided that permits 15,000 12-bit words

per second to be transferred to a parallel device such as a

printer. A special read only memory is used to provide the basic
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ation.
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functionality for the computer and to handle the diagnoinXs

prior to program loading. Program loading is done by a serial
ROM-controlled port called the Program Injector. This permits
the VTT78 to be loaded with a program oriented to a particular

applic

v

over a period of fifteen ygéfs. Thegpcharakcteristics of these
(]
implementations are given /in &M . New technology can be

utilized in the computersindustry in/yﬁree ways. These ways are
a) lower cost implemenkgt{gg&/gz constant performance and
functionality, b) higher performance implementations at constant
cost, and e¢) implementation of new basic structures. Of these
three ways, the PDP-8 family has primarily used lower cost
implementations of constant performance and functionality.

. ;lc‘ﬁw“"’} 254

The !g;;}ea";re arranged to show the cost trends of three
configurations. The first configuration is merely a CPU with &
Kwords of primary memory. The second configuration adds a
console terminal, and the third configuration adds DECtapes or
floppy disks for file storage. Note +that the basic system
represented in the first configuration has declined in price
most rapidly. It declined 22% per year in the early days and 15%

per year in more recent years. Primary memory, on the other
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hand, has declined at a 20% per year rate, as seen in Figurd o0,

~

L
7 ~N

The price and pcrformangé' trajectqries for PDP-8 family
machines are plotted in Fiéure 26, with lines of constant price
performance separated at;factors o@/two. Note that the early
implementations had sigﬂ;ficantly/xiOWer performance than the
original PDP-8. Memory p;;?SFE;nCe and instruction execution
performance were directly related in all of these machines
except the PDP-5 (which kept the PC in primary memory) and the
PDP-8/S (which was a serial machine). Thus, with the design
emphasis on lowering the cost with each new machine, performance
continued to lag the PDP-8 until higher speed primary memory was
available without paying a cost penalty. Other performance
improvements, such as the addition of hardware floating point or
the addition of a cache, are outside the scope of this
compar@fTVE\QPalysis.
v \‘\

\
\

Figuﬁf 27 giv%s the performance/price metric for the PDP-8
famil&\ machinyﬁ, and it can be directly compared with other
machinE\Kdy"iibed in this book. The 18-bit machines improved at
a rate of 52% to 69% per year over a short time span (indicated
on the graph). Ignoring the PDP-5 design point, the improvement

for the 12-bit machines was similar during the same time span,

but has since been 1less radical with only a 22% per year

improvement.

Rather than try to fit a single exponential to the performance /

2/



price data points in Figure<xx} it might be better to try two
independent exponentials. The re:son for this is that the data
points really mark the transition between two generations. The
PDP-5 was a mid second (transistor) generation machine, and the
PDP-8 represents a late second generation machine. The 8/I and
8/L were beginning third (integrated circuit) generation
designs. These four machines represent a relatively rapid
evolution from 1963 to 1968, After the 8/L, the evolution slows
somewhat during the period 1968 through 1977 as medium scale
integrated circuits continued to be used as the implementation
technology, and the packaging and connectivity costs continued

1o be controlled by the relatively wide bus structure.

During the evolution, the DEC 12-bit computers have
significantly changed in physicai structure, as can be seen from
their PMS diagrams (Figure 28)./The negative logic machines and
the positive logic machines upﬁ%hrough the 8/L had a relatively
centralized structure»giig/ﬁgree busses to interface to memory,
program controlled I/0 devices, and to direct memory access I/0
and mass storage devices. The Omnibus 8 machines bundled these
connections together into simpler physical structure. The
CMOS-8 avoids the wide bus problem by moving the bus to lines on
a printed circuit board. The number of interconnection signals

on the bus is reduced by roughly a factor of four, to about 25,

so that the signals can be brought into and out of the chip

within the number of pins available.




Figures 23 and 24 and Table 1 show the stairstep effect that

occurs as a result of the design evolution summarized below:

a) (Improve the Performance) While the PDP-5 was predicated on
mimimum price, the PDP-8 had additions to improve the
performance while not increasing price significantly over a
slower speed design. The cost per word was modestly higher with

the PDP-8 than the PDP-5, but the PDP-8 had six times the

perfomance of a PDP-5. Thus, the _Pf rosses three lines of

constant price/performance in Fig

b) (Lower the Price) The PDP-8/S was an attempt to achieve a
truly minimum price by using serial logic and a minimum price
memory design. However, the performance of the PDP-8/S was

terribly slow.

¢) (Improve the Performance) The market pressures created by 8/8
performance probably caused the return to the PDP-8 design, but

in an integrated circuit implementation, the PDP-8/1.

d) (Lower the Price) The PDP-8/I was relatively expensive, so

the PDP-8/L was introduced quickly as a cost reduced version to

bring the design into line with market needs and expectations.

e) (Improve the Performance) The PDP-8/E was introduced as a

high performance machine that would permit systems larger than

those possible with the 8/L to be built.

25



f) (Lower the Price) The PDP-8/M was a lower cost, smaller
cabinet version of the PDP-8/E and was intended to meet the

needs of the OEM market.

The stairstep process essentially ends at the PDP-8/M, as the
subsequent machines have also been primarily price reductions.
The PDP-8/A was introduced as a further cost reduction to the
8/E and 8/M, although some large system configurations are still
built with PDP-8/E machines. In 1976 Intersil and Harris
introduced the CM0S-8 chips as true mini(mal) computers (now
called microcomputers). These represent a substantial cost
reduction, but also a substantial performance reduction.

The CM0OS-8 performance is 1/3 that of a PDP-8/A, so a stand
alone system using a CMOS-8, such as the VT78, is less cost

L
ond) : . X
effective than an 8/A . hum Lwawwﬁ cpa o (" PJA‘bfﬂ“OCKL, oakousn

; . 5 A p TR I S
Rﬂﬂ' 7(\; M@ 2250 {1, Lumi" LQI w {‘ 4' A{Tj)’ (“““ (""5*

e

O (} ”’u S tib fo (vlqr((, f [ l, . (;l-i Ve 7~ ‘Oli" 14 ;V~..DJ

Obviously, the next step is increased performance. Another
possibile next step is more memory on the same chip, or else

both more performance and more memory.

/ /
In addition to showing the "design stairsteps", FiQMre 29 a?d
/ /
/ /.
Table 1 present the power, weight, and volume o%{:ftlf;ﬁﬁbln
machines. In general, the power requirements hawe emained

relatively constant. This 1is both because each package must

house a fixed number of devices and because each device has a

relatively high overhead power costU associated with driving the




Omnibus. The limited configuration, lack of an Omnibus, and low
power requirements of CMOS make the VT78 an exception to the
constant power rule. The weight and volume have declined
significantly with time as the design moved from two cabinets to
1/2 cabinet, and then from 1/2 cabinet to being imbedded in a

CRT terminal.

Special PDP-8 Based Devices

The PDP-8/A and the products which incorporate the CM0OS-8 chip,
such as the VT78, are the current 12-bit product offerings, so
the discussion of the development of DEC's 12-bit computers in
chronological order must stop here. However, during the
development of the main line of 12-bit computers, some
interesting systems based on DEC 12-bit processors were
developed, both by DEC and by others. Among these are the DEC

338 Display Computer, the Carnegie Mellon Cache-Based-8, and the

‘G)f hﬂm&“ﬂa BOu(PW\! C"D'“"\'-*Wl‘i/"

PDP14 Programmable Controller (a 1-bit machine but with some ISP

similarities to the PDP-8 and using Omnibus packaging concepts).

DEC 338 Display Computer




The 338 (shown in Fig. 0, page 00), a variant of the PDP-8, is
included for its historical importance (see Chapter 25, Bell and
Newell, 1971). It was one of +the very earliest display
processor based computers--if not possibly the first. The
problem of displaying data on a CRT clearly shows how the
application need drives a complete change in hardware in order

to interpret the necessary data type (a graphic picture).

The 338 idea was extended and applied to PDP-9 (in the form of
the 339), extended for the PDP-15 VT15 display processor, and
also applied to the PDP-11 series of display processors.
Although the 338 had the right general capabilities, it did not
have the refinements that later display processors for PDP-15
and PDP-11 had (GTY40 and GT60). Because the display processor
is relatively expensive, the cost of the host processor should
be adjusted accordingly: it should not be a performance
bottleneck, nor mneed it be significantly cheaper than the

display part.

An observation that display processors and other speT zed

processors evolve in a fashion called the wheel reincarnatijon

(Myer and Sutherland, 1968) is diagrammed Figurq}B. /The
figure shows how one starts with a very simple bas;p/hesign
- > o

B

(here to have graphics picture output for a “computer). The
trajectory around the wheel follows:
Position 1: Point-plotting. The computer includes a single




instruction display controller which can plot a picture on a
point-by-point basis wunder command of the central processor.
For most displays, except storage scopes, the processor can
barely calculate the next point fast enough to keep the scope
refreshed. Hence, the system 1is processor bound, and the
display may be idle. The original PDP-1 Type 30 scope 1is
typical of this position. A scope of this type is offered on

most DEC minis.

Position 2: Vector-plotting. By adding the ability to plot
lines (i.e., vectors), a single instruction to the display
processor will free some of the processor and begin to keep all

but the fastest scope busy.

Position 3: Character-plotting and alphanumeric. With the
realization that characters are a major part of what is
displayed, commands to display a character are added, further
freeing the processor. Many of the point plotting displays were
extended to have character generation plotting. The
alphanumeric scopes have this capability and usually do not plot
vectors; such scopes (e.g., VI50) are not integrated with the
computer, but are connected via a serial communication 1link.
Special scopes such as the VT8E and VT14 have been added to

PDP-8 to carry out this function in a tightly coupled fashion.

Position 4: General figure and character display. In reality, a

picture doesn't consist of just characters and vectors; each
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element of the picture is actually a string of characters to be

displayed at a particular point and a set of closed or open
polygons to be displayed starting at a particular point. By
providing the control display with a Direct Memory Access
channel, the display can fetch each string of text and generate

polygons with no central processor interaction.

Position 5: Display processors. Now with the ability to put up
sub-pictures with no processor intervention, it is easy for the
whole picture to be displayed by linking the elements together
in some fashion. This merely requires jump and subroutine call
instructions so that common picture elements don't have to be
redefined. The 338 and other display processors have roughly

this capabilitvy.

Position 6: Integrated display and central processor. Now, all
the data paths and states are present for a fully general
purpose processor so that the central processor need never be
called on again. This requires a slightly more general purpose
interpreter. There is full generality by minor perturbations,
and the processor design can be refined in such a way as to
execute the same ISP as the original host because the cost of
incompatibility 1is too great. Two processors require two
compilers, diagnostics, manuals, and support for wuse. This
state provides the same capability as the initial starting
point, Position 1. The original processor is completely free,

and there is a display processor with the capability of
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executing both the original ISP plus the display ISP.

Position 7: Two computer structures. Alternatively, the
processor can be isolated as a separate computer and reconnected
in some fashion to the original's central processor-primary
memory pair. Such a structure is just a basic computer plus

state 4.

THE CACHE-BASED PDP-8

This structure uses a small fast memory to hold the results of
recent references t0 primary memory. The structure has been
subsequently used in the KL10, 11/70 and 11/60 (see chapters 0,

0 and 0).

A PDP-8 with cache was designed and constructed by Professor
Rl omd
David Casasent at CMU (Bell, Casasent and Bell, 197“;4Casasent
and Bel%}??\ Initially, the project was proposed as exploratory
advanced development on the desirability and feasibility of
using Emitter Coupled Logic (ECL) 1logic for designing fast
computers (including PDP-10s). As the investigation proceeded,
the need for a large, fast memory emerged. Such a memory turned
out to be so costly that a computer so equipped could not be
feasibly marketed. The easiest way to build a cost-effective,

fast minicomputer turned out to be using a cache structure in

order to reduce the cost of primary memory. Also, instead of




designing a very fast PDP-8, which ECL 1logic would have

provided, the goal was modified to be 1less fast, much less
costly, and potentially marketable. This caused TTL Schottky to
be used in the design even though the 1logic family was just

beginning to evolve.

In order to make the prototype more marketable without
completely redesigning it, the project was constrained to use
the 8/E Omnibus backplane and parts. The prototype did not
become operational as quickly and cleanly as possible and was
therefore not wused to stimulate a market. Throughout the
development of +the design +there was 1little interest in its

marketability. The design was carried forward in order to test

the cache applicability, circuitry, ease and techniques for

S
buildinglk faster,&l The difficulty in stimulating interest in

marketing was typical of products that are substantially
different from those already existing. Marketing people are
often driven by the last sale that was lost. If a sale was most
recently lost to a competitor that offered a purple whiz-bang,
marketing people want a better purple whiz-bang developed as
soon as possible. This attitude leads to the conclusion that if
no sales are being lost to very fast, non-existent
minicomputers;igg;;e is no market for very fast minicomputers.
Furthermore existing customers are of little or no help because,

unless faced with the widescale availability of significantly

faster machines, the applications can't be defined and emerge.




A number of things were learned from the research on the cache

blecde
based 8.

r‘ .
the PDP-8/E 1 word memory width consggbt.

words with no separation of the cache between data and
) ) prowss ol
instructions. A 100 nanosecond PDP-8Awith 512 cache had the
Tokls 2,
characteristies shown in the—fottowimg—%eabte. - f
: v
“:"%‘l
o U
Table: Performance/Cost Comparison Cl;am‘f
Performance/Cost
Configuration Costs Performance Ratio Compared\to
Factor 8/E \\
; Minimum Average Large Minimum Average Large
l 8/E $ 5K $10K $35K 1.0 1 1 1
| 8/E with
| cache $10K $15K $40K 5.0 2.5 3.3 4.3
The cached-8 did influence the 11/45, although the designers
rejected the cache notion (Chapter 00) because they believed

that the cache concept did not apply to PDP-11 program behavior.
Eventually Bill Strecker persevered and convinced other PDP-11
designers to build a cache-based larger scale minicomputer, and
The work on the cached-8 illustrates the

this became the 11/70.

It was decided that a}size of 1 was adequate, given

The design had 512



use of the 8 as an experimental vehicle for understanding a
design in terms of program behavior. It also allows one to
observe the flow of ideas from research, through advanced
development, and finally through to the production of machines.
Finally, 'it shows how, by rather minor perturbations, a design
can be kept compatible with its predecessors while providing
rather dramatic performance and performance/cost ratio

improvements as shown in Table O.

The PDP-14

The PDP-14 was designed expressly as a controller for complex
electromechanical machinery such as transfer machines,
conveyors, and simple milling machines. The need for such a
controller was first recognized when General Motors expressed
their need to control a large machine which handled engine
blocks by a sequence of operations (transfers). The design of a
controller evolved from the use of standard DEC K-series
industrial modules (see Chapter 00) for sequential circuits.
The K-series modules provided increased reliability and replaced
electromechanical control components such as relays by, using
solid state sensing and switching. The new controller,
designated the PDP=-14, represented a cost rzirction over

controllers composed strictly of K-series modules. It did this

by using time-multiplexing soO that one control structure (in
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memory)l could serve as the interconnection. (and processing)

structure versus physically interconnectihg the modules

together\\’Such a system is shown in Fig:53A. j
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control power relays

Although a PDP-8/I might have been programmed to carry out the
task, it was either not considered or else rejected because t he
cost was perceived to be too great, and there was some

perception that a conventional stored program computer could not

solve the problem. In addition, the PDP-8/1I circuits did not




appear to have adequate noise margins to operate in the

anticpated environment, and there w inadequate I/0 capability.

As a result, the PDP-14 (se fas proposed and designed

expressly to solve the problkm and€ost less than the 8/I which

was Jjust going into production. The PDP-14 had no data
operations except on a single boolean value using a 1-bit
accumulator called TEST. Even with so 1little arithmetic
capability, the machine's structure and processor state was
roughly equivalent to a PDP-8 design. Ultimately, the processor
state was extended beyond that of a PDP-8, as the problem

changed (e.g., when communication was required with host

processors), but these extensions will not be discussed.

In order to solve the boolean equations that a conventional
relay controller solves in parallel, the 14 had +to solve
equations sequentially at a rate of approximately 30 hz - fast

enough to give the illusion that the equations are solved in

A

n 0
parallel. <(>\

To operate in the high electrical noige environment, the circuit

logic was slowed down in order toO have improved noise margins.
It was felt that core memory ‘ﬁ\d not have adequate noise
wite, rom] :
immunity, so a braidedAread onlyAmemory was used. To battle the
effects of the poor physical environment, the unit was housed in

a dust proof enclosure. To sense contacts and control power

relays, appropriate I/0 interfaces were designed.

3¢




The ISP of the PDP-14 is given in/Fig.®5. /It is the smallest,

most trivial ISP that can be found ‘nically, The PDP-14 was
called a computer because it could perform computation in the
same way a Turing machine can--without an arithmetic wunit.
However, it encoded the boolean data operators for which it was

designed more efficiently than nearly any other computer,

provided the equations were simple enough.

There were four instructions to take values from input switches
or relay outputs and to compute new output values (the right
hand side of a boolean equation). Therefore, the 14 also could
simulate a Sequential Machine (state diagram or flow chart).
Two additional instructions sensed +the value of intermediate
results (stored in TEST) and were used to eliminate the need to
completely evaluate an equation each time. To direct program
flow, there were four more instructions: Jump, Skip, Jump to
Subroutine (a single 1level) and Return from Subroutine. To
handle the "accessories box", there was special I/0 rather than

having this carried out internally to a program. This I/0

Consishng O} exfernal

included up to 16 boolean variables of timers /kone shot

multivibratoraxfand memory bits.
”/

"J‘

A good way to understénd thel 14's operation is to start with the
application. Fi ure56a hows a combinational relay 1logic
network that evalugtes oolean expression (in parallel). When

this network is implemented with the PDP-14, the inputs and




outputs are simply connected, and the program forms the

ives the boolean expression for the
network in F g.?ﬁa. / To evlauate this e“ﬁ%fion ing a PDP-114

€ential program (see F g.36d). This program

requires a
requires between 120 microseconds and 200 microseconds to
compute the output value, y8, since each instruction requires
20 microseconds. The speed of a computerized controller compared
to relay operations is phenomenal. Heavy duty industrial control
relays typically operate at a 30hz rate (33 milliseconds). If
the PDP-14 can solve each equation with 4 terms in approximately
150 microseconds, the PDP-14 can solve 222 such equations in the
time necessary to operate the relay. The memory requirements to
solve the 222 equations are not large either. This equation
required twelve locations; hence, 222 such equations requires
about 2.5 Kwords. Here, it is instructive for +the reader to

compare this memory need with that implied wusing Amdahl's

constant (see chapter 00).

A number of PDP-14s were built and installed for the intended
applications over the period 1970-1972. Programming was carried
out in languages supported by compilers that operated on PDP-8.

The languages allowed users to:

a) write ordinary assembly programs (resembling PDP-8 programs)

b) express a problem directly as a set of boolean equations




¢) express ladder diagrams (in effect, these are a set of

boolean equations)

d) write a program as a flow chart, i.e., as a sequential
machine that goes state by state and tests and branches on
various input values to create output state, permitting both
combinational (boolean equations) and sequential circuits to be
implemented

e) simulate the behavior

As the 14 and its competitive machines were used, a demand for a
second generation controller was created. By +19T72, the
additional requirements included lower cost, higher speed, an
easily changed read only memory, and the ability to 1load
programs via a communications line or connected console. In
addition, the controllers were required to connect in a network
fashion and report back status and results to a supervisory
computer at the next level of a hierarchy. The second
generation controller should also be capable of recording events
including counting the number of parts processed. It also needed
timers which could be used as part of the control equations.

The new unit should operate over an even wider environmental

range than existing PDP-14 and have a more complete set of 1/0

interfaces.

-



//gfgawthese requirements, the PDP-14/30 evolved (see
;7a). The initial read only memory was replaced by\an Sﬁgwoég
' core memory. In this way, the programs could be easilymchanged
rather than having to be returned to DEC for manufacturing.
Because the original 14 was so slow compared to the capability
of the logic from which it was made, the instruction time was
reduced from 20 microseconds to 2.5 microseconds to have better
frequency response and to handle a larger number of equations.
Additionally, because a large number of special registers had
been added to hold numeric values (the shift registers, timers
and counters), an arithmetic unit was added to the 14/30 in an
ad hoc fashion. All these additions forced the ISP to change.
The 14/30 extensions were unable to be made in such a way as to

have binary compatibility; thus, software changes were also

required.

An interesting offshoot of +the PDP-14 development was the
creation of the VT14 terminal for a programming, program load
and observation console. This consisted of a CRT and PDP-8
mounted in a portable housing. Since the 14/30 could report the
status of its input and output variables, the VT1l4 also had the
ability to display the status of ladder diagrams (i.e., relay

and copH t position). A typical VT14 screen display is shown

in ig§38.

At the time when the 14/30 was proposed, there were some Who

felt that it should not be built because a standard 8 Family




computer was cheaper to build, and more production volume and
lower costs could be obtained by not constructing a special
unit. In addtion, the 8 Family machine could be extended
trivially to have the original 14 ISP, and the 8 ISP would be
available to do the tasks that would inevitably evolve, such as
doing self-diagnosis, doing more extensive counting and timing
functions, and dealing with non-boolean data such as time or
non-discrete events including angular position. The more
powerful 8 ISP would also be useful for handling general control
in both the analog and the digital domain, communicating with
computer networks requiring protocol control for intelligent and
error-free communication, and using algorithms to encode the
control function instead the using of relatively large program

state methods with no ability to perform computation.

Many of the previous arguments against using PDP-8s had now lost
their merit. Since the 14/30 was proposed to be built using the
same circuit family as that of the PDP-8s, the electrical noise
margins arguments no longer held. Furthermore, the 8 could be
packaged in a proper cabinet for the physical environment, and
there could be adequate interfaces built. Besides, the proposed
14/30 would incorporate an 8 anyway, and two computers were
obviously more expensive than one. In addition, adding the
necessary cabinet and interface enhancements to the 8 would have
greatly improved the marketability of PDP-8 for all industrial
applications. Although the design group did not buy the

arguments that the 14 /30 should become an 8 with appropriate

37




extensions and packaging, some of the 8 parts were used in the
14/30 design.

Ecvnﬂc UC/(

The product was eventually as a mainstream product

primarily because it required high, specialized support. The
' 6o
control problem had evolved to require a computer, evgxi;heﬁgh

the 14 ultimately evolved to be a complete, general purpose

machine.

While it is easy to dismiss the 14 as a trivial special purpose
controller that should never have existed (especially if one
feels that the 14/30 architecture was poorly evolved), this is
to say that the problem being solved should not have existed.
Such a conjecture flies in the face of +the adage "that the
customer is always right". Rather, the problem was worthwhile
and should have been solved with +the full generality of a
computer. The ultimate state (several next generations) of the
controller is clear: a computer is needed to handle the full
generality of the problem as it was, as it slowly evolved (when
the 14/30 was designed) and as it will clearly continue to
evolve. The solution was, and still is, tovadapt and evolve a
general purpose computer by a combination of hardware
instructions and software to be the best controller. Such

evolution surpasses the fixed control structure that evolved and

was continuing to evolve. Nht evolving the 8 or the 11 (and

>  m—

other microcomputers or minicomputers) to the ap catio by
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This part on the First Minicomputer| includes the descriptions of the 12-bit
computers that DEC has built and been associated with that @ffected the
PDP-8 Family design. The title is'slightly presumptuous because the main
contribution of the 8 Family is the number produced (in use), the notion
that significantly cheaper machines can always be built and applied to new
applications--hence the name minicomputer for mini(mal) computer. The 8
Family also clearly either directly or indirectly contributed to the name,
Minicomputer--not an insignificant contribution in a world that often must
have ? simple way (name) to identify a concept. The early history of the

| Minicimputer, is more accurately represented in Fig. 1 which shows the

J inter-relationship of early computers.

Figure 2 shows both the family tree of the 12-bit machines with significant
events outside DEC and the corresponding internal response events that made
up the evolution (e.g., technology use, first shipment of a compiler). The
family tree position shows that there are five nuclear groupings (or . Lo
sub-families) within the complete family. There are two disteant relative
families, the LINC family--which contributed some base ideas to the
original PDP-5 and the PDP-14 Industrial Controller Family, which also had
~_a 12-bit word and bears some relationship to the 8 Family. ,h -Leber flembers
’//" of the 14 used parts from the Omnibus family, including the Omnibus and
' memory components. :

hnf/Later members of the LINC family were made up of major physical and
| software subassemblies that were part of the 8 Family, and the original
\ LINC was built from DEC Systems Modules. 0
It is clear that the CDC 160 was the first commercial 12-bit computer and
as such contributed ideas and organization to both the LINC and 8 Families,
as did the DEC 18-bit Family (as we describe in Chapter (7).
The processor-on-a-chip Family is built totally outside of DEC by two other
orgaﬁizations, Intersil and Harris Semiconductors. ©Our efforts to build
the 1 chip computer only lasted for about a year, before the efforts were
turned to the PDP-11 Family. The existence of this family is particularly
significant as it forms the basis for the one-board-computers and the
computer-in-a-terminal.

Packaging

The time line part of the figure is divided into basic semiconductor and
module packaging technology, computer languages and computer operating
systems. On the packaging and semiconductor line we note there is a one to
'\\K five year delay between when an idea is available and when it is applied to
a machine (note the application of Silicon transistors and TTL logic). For ‘
example, it is possible that the 8 could have used TTL logic and been even +e
further out on the state of the art line--negating(need for 8/F and 8/L).
Since the packaging was different for the 8, and done with automatic
wirewrap machinery, this change was enough for a single machine. Also, TTL
logic, as initially marketed, was significantly more expensive than the
discrete logic circuits that the 8 was built from. It took five years to
adopt the automatic wirewrap machinery that was first used in the IBM T7090.
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This was partially due to the fact that it represented both a major
packaging change and a major capital expenditure to DEC (sales were about
$10M then). The various read only and read write memories have not been
essential to the designs -amd since the ISP is so simple. A large register
file and low cost ROM for microprogramming makes the floating point

processor and its control possible in the 8 price range (note, FPP versus
semiconductor memory availability).

L . _(g;,
% !gf‘wf Ct:i 1] arc. | ’ - o i“.('_,, I*

FORTRAN, in 4 Kwords, is probably the most significant accomplishment in
terms of languages for the 8. It was designed for and operated on the
PDP-5. Eventually both BASIC and FOCAL interpreters were written to
provide better interactive languages. These are used extensively as a
calculator, and for real time control including laboratory experiment and
industrial control. The languages were both extended for graphics display.
The 8 is also used extensively for teaching about computers and computer
aided instruction.

g I

| -
, 0% On --"n’{r"/"{l""
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In 1970 DIBOL, a business language interpreter, was introduced. Its roots
include COBOLg but—as-—an—interpretersy it was designed'to provide faster
response to the writing and debuggigg 6f programs and to make—more.
efficient use &f memory spacef{#Thgséjare excellent tradeoffs for the
single user system whose problems are usually disk performance bound vis a
vis accessing records. An especially powerful editor and language was
introduced in 1976 in the form of WPS8 for the word processing market. It
also is the forecing function to have very low cost standalone
computers...in this case the VI78 resulted.
Operating S ms
\
The operating system line shows that the influence for software came from
two areas: the original LINC, which was designed to provide a single user
with a private, apparent computer g%;p his own filing and processing
system. A recent product, DECnet, amethod of interconnecting computers
over greater physical distances, came from the minicomputer population
growth, which in turn forces the computers to communicate with one another
in some form. Much of the basic work of DECnet was derived from the
ARPAnet research project. It is interesting to note, that DECnet 8 is the
first application of DECnet within DEC. This has quite possibly occurred
because the basis operating system is clean; as such’the complexity of
DECnet can be understood and integrated more easily.

The various single user and real time operating systems are quite
unequalled, even though comparatively smaller efforts have been devoted to
their design and implementation. Another by-product of the single user
designs has been the understanding developed for the creation of the single
user operating system, RT-11, for the PDP-11.

A system that one of us (Bell) has a special attachment for is TSS/8, the
timesharing system for the PDP-8. Only a hundred or so systems were sold,
while technically it is the lowest cost (per system and per user) and
highest performance/cost timesharing system we provide. The reason for the
lack of commercial success, I suspect, is simply attributed to the fact
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that the 11 came along and the development and marketing efforts were
rgdirected. On the other hand, TSSégprequires some understanding and the
time to sell such a system may be eater than we—hawe allowed for (i.e.,
it may be underpriced in terms of /software complexity). A major side

benefit‘of TSS/8 was the training'of one of the implementors, Nate J— /}/{ y
Teichholtz, who went on to propdse d first implement the RSTS times@aniﬂg”' AT
system ‘based on the /Tanguage] BASIC/ TSS/8 was desjgned white—I-was at

Carnegie-Mellon University, by a graduate student 5van'qei'(}oor 5 .
(Reference?) as a reaction to %heﬁré i, poslididy oD conpled,, ¢

ost, peor y
-and poor reliability-that IBM-wa: - TSS/360 -preduet (Model 67.)
design).. Although TSS/360 eventually worked, it wasn't marketed, and-at '=-
-most contributed some ideas and trained thousands of programmers for IBM.
At CMU, a TSS/8 operated until 1974 when the special swapping disk we—had <xpiresd .
used-gave—out. The cost per user or per job tended to be about 1/20 of the
TSS/360 system they run.

TeMis |
g

/ The Chapters ™ — —>

“The following section describe® the motivations for including the chapters,
how the machines relate to the family and their contributions to
minicomputers. The final section describes the PDP-14, how it came to

be, and my, own version of what it could (should) have been.

The poP-8 | (ett ..

'y '- b W f
(‘lllr’ 5 ers

This chapter is a.substantial extension to the original first appearing in
Bell and Newell}” The extensions include the Omnibus and CMO0S-8 families

\
i o\
l

__——which came out after the chapter was written. Now enough time has passed -
@L to gain /@ historical perspective. In this regard we look at how technology
y$ has shaped the evolution and resulting structures from a price,

performance, and packaging characteristicx?ver thegxlast 15 years. ot

—— We indude F prest
The main part of the original chapter remains in tact.and—i;_pnasent to
show how a machine can be understood by decomposing it into a number of

levels which correspond to its physical structure.

LIN
;
i
Since the LINC was designed outside,DEC, it doesn't precisely fit the

constraintg—the—other chapters—meet as being about DEC's computers.
However, since the LINC was initially built from DEC Systems Modules, we ybcéwﬂh“

feel somewhat justified. A stronger tie is perhaps that DEC went on to Vpr
manufacture the LINC directly from the LINC design. Subsequently’ﬁick

Clayton 4 j i ¥ designed both the LINC-8, a

two-processor machine (LINC + PDP-8) which executes both ISP's in parallel,

and ,the PDP-12, a single physical processor that executes either PDP-8 or

LINC instructions sequentially (by switching modes).

Some of the characteristics of the LINC Family machines is given in the
following table. Note the size has remained essentially constant at one

cabinet over the computer's life.

I Lﬁuﬁwﬂ

\MW
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Table LINC Family Characteristics
LINC LINC-8 PDP-12
Project start 1961 summer 1965 6/67
First ship 3/62 (demo) 8/66 6/69
Withdrawn 12/69 12/69 6/75
No: Produced 50(21 by DEC) 143 1000
Price (min.) $43,600 $38,500 $28, 100
Key designers Wes Clark & Wes Clark, Dick Dick Clayton

Charles Molnan
(Lincoln Lab)

Clayton (DEC)

Goals, features

complete system
for laboratory
user...including
file system and
ory's

—

cost, + PDP-8
software
compatibility,
use 8 components

larger scope,

bus compatible
with 8/I

Mp-Pc accesses
(Mega)

Weight

Power (watts)
CRT

69 x 32 x 30 +
tape, keyboard,
and console
0.125

?
1000
2 - oscilloscopes

69 x 32 x 33

0.67

(PDP-8 memory)
?

2000

2 - scopes

76 x 35 x 33

0.67

8/I memory
700

< 2000

1 - 7" x gn
(1om)

There are other reasons to include the LINC as members of the DEC 12-bit

family. The LINC strongly influenced other PDPs (including PDP-4 and -5).

The LINC tape unit and system ideas permitting a user to have personal
files has been carried over directly in the DECtape design and programs.
This device made the personal computer for the researcher possible at a

reasonable economic level.

We have also included the LINC because the

paper is especially well written, even though it does stress applications
and minimally discusses the construction, structure and other engineering

aspects of the design.

1
/

The systems aspect of LINC (circa 1962) were rgélly quite significantly
ahead of their time at DEC, and of other systems including the timesharing
work in terms of providing a clean, simple, yét powerful console (two CRTs)

and file system interface (note Fig. timeline).

system came two years later on PDP-5. 1ad
flexibility and modularity and provided’Ié}ge ways for interconnecting
computer components together in order to have any type of structure. LINC
is quite constrained (only 1 Kword or 2 Kw?rds were available) with two

|

mar]

Note the DECtape library
We had been stressing design

R
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LINC tapes and two CRTs. Most all other characteristics including the I/0
;nterface were quite constrained. By bounding the system in this way, it
1s possible to provide a complete environment including software.

DEC 338 Display Com

The 338 is included mainly for historical reasons and because it is a
variant of the PDP-8 Family. It clearly shows how the application need
drives a complete change in hardware so as to interpret the necessary data
type (a graphic picture). We believe it is one of the very earliest
display processor based computers--if not the first. The question of being
first is clouded by the state of the evolution as we discuss below.

The 338 was extended and applied to PDP-9 (in the form of the 339) and then
greatly extended in the PDP-15's VI15 display processor. Although the 338
has the right general capabilities, it doesn't have the refinements that
later display processors for PDP-15 and PDP-11 have (GT40 and GT60). Also
there is a question of having a balanced computer. Since the display
processor is so relatively expensive, then the host processor should not be
a bottleneck, nor must it be significantly cheaper than the display part.
The DEC display processors have tended to extend the 338, whereas there
have been departures from this structure (CMU thing?).

d Sutherland, 1968

|
/M/ye: an }
An observation t display process5}s\(é;fg;:gfg:gzgfgg:igffi)and perhaps
other specialiZed processors evolve in a fashion akin € wheel of
\
|

reincarnation/ Figure Rein shows how one starts with a very simple basic
design to have graphics picture output for a computer.

1. The computer includes a single instruction display controller which can
plot a point (on a point-by-point basis) under command of the central
processor. For most all displays, except storage scopes, the processor
can barely calculate the next point fast enough to keep the scope
refreshed. Hence, the system is processor bound, and the display may
be idle. The original PDP-1, Type 30 scope is typical of this
position. A seopr ) [ _g,};‘_, . e moat P EC mune

2. By adding the ability to plot lines (vectors) a single instruction to
the display processor will free some of the processor and begin to keep
all but the fastest scope busy.

3. Having realized that characters are mainly displayed, then commands to
display a character are added, further freeing the processor. Many of
the point plotting displays were extended to have character generation
plotting. The alphanumeric scopes have this capability (less vector
plotting).

4. 1In reality, a picture doesn't consist of just characters and vectors,
but each element of the picture is actually a string of characters to
be displayed at a particular point, and a set of closed or open o
polygons to be displayed starting at a particular point. By providing
the control display with a Direct Memory Access channel, it can fetch
each string of text and generate polygons with no central processor
interaction.




P \

Part III. The First Minicomputer Page 6
G. Bell 11/8/777

5. Now with the ability to put up sub-pictures with no processor
iptervention, it is easy for the whole picture to be displayed by
linking the elements together in some fashion. This merely requires
jump and subroutine call instructions (so common picture elements don't

have to be redefined). /This is roughly the capability of the 338 and
most o#trer display processors.
e 7

{

6. Now, we_realize—that all the patﬁs and att—the state is present for a
fully general purpose processor, such that the central processor need
never be called on again. This requires a slightly more general
purpose interpreter. There is full generality by minor perturbations,
and the processor design can be refined in such a way as to execute the
same ISP as the original host because the cost of incompatibility is
too great. Two processors require two compilers, diagnostics, manuals,
and support for use. Finally, we have arrived back to the same
capability as we started. The original processor is completely free
and there is a display processor with the capability of executing both

b//' the original ISP plus the display ISP. E

7. Alternatively, we can take this processor and isolate it as a separate
computer which we reconnect in some fashion back to the original's
central processor-primary memory pair. Sk & SUdueas w
st l" ekl ok (’tl 3 il < YI'U'J 1 ‘4‘“ An ‘ ) )

The Cache-Based PDP-8 ‘

Chapter 7 describes a design for a PDP-8 constructed by Professor David
Casasent at CMU. 1Initially the project was proposed £eﬁﬁéxploratory
advanced development on the desirability and feasibility of using Emitter
Coupled Logic (ECL) for desiggipgfyggxrfast,ﬂnapke%ab%e minicomputers. As
the investigation proceeded, a large, very fast memory need—emerged. Such
a memory turned out to be so costly that such a computer would not be
feasible from a market standpoint. The easiest way to build a
cost-effective, fast minicomputer turned out to be using a cache structure
in order to reduce the cost of primary memory. Also, instead of designing
a very fast PDP-8, which ECL would have provided, the goal was modified to
be more modest and potentially marketable. TTL Schottky was used in the
design, even though thi/logic'§amily was just beginning to evolve.

3 O/
In order to make the prtotype more nearly marketable, without a complete
redesign, the design was also constrained to be compatible with most of the
8/E Omnibus backplane and parts. The prototype did not become operational
as quickly and cleanly as possible, hence the use of the prototype to
stimulate a market did not occur. All through the design there was little
interest in the marketability of the design. It was carried forward in
order to test the cache applicability, circuitry, ease and techniques fgr
building a fast 8. As is true in most new products, the fact a market-is
not there is clear. We were not losing sales to very fast /minicomputers,
hence there was (and is) no market for very fast computers. Furthermore
our customers are of little or no help because, less faced with the
widescale availability of such a machine, the ap lications generally don't
emerge.

rvq AW
/
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A number of things were learned from doing the work. t did influence the
11/45 although the designers rejected the cache notion...since they
believed that the cache concept clearly didn't apply to PDP-11 program
behavior. Eventually Strecker persevered and convinced other 11 designers

to build a cache-based larger scale minicomputer...and this became the
11/70,as—éesgrtbed—in~€haptenﬁ¥l Fortunately, the processor was designed
to operate with all bipolar, fast memory. The paper illustrates the use of

the 8 as an experimental vehicle for understanding a design in terms of
program behavior. It also allows one to measure the time flow of ideas
from research, advanced development, and finally into production machines.
It also shows how, by rather minor perturbations, a design can be kept
compatible with its predecessors while providing rather dramatic
performance and performance/cost improvements.

5™
The PDP-14 was designed expressly as a controller for complex .
electromechanical machinery (such as transfer machines, conveyors,
pantnumerdical milling). The problem first origina;eg_ t General Motors as
a controller for a large, transfer machine which mé&e‘éngine blocks by a
sequence of operations. 1% often replaced or supplemented large relay

sequential circuits., -

e Banie Dercer Frbhe /\ Sl ( e N
Such a controller should: ' ) Lo
v e W alfFeans st
(T 1‘/,,.',,;,/90»«7/4‘- f“& !
1. be lower priced (with lower life cycle costs) andr easy to operate;
2. solve the control problem; 0 Lo ‘ .v,,ON%/Y P P “"f -,( Wit
(A_"_ o Crmelda it -
3. operate in the high electrical noise environment; ﬂa 5 edved lrﬁ‘b‘f'
A~ N v
f
N M i3 J oA
4., operate in the poor physical industrial environment characteristic of A “t‘
the machine it controls; W
o Py
' A A
5. have the appropriate I/0 interfaces to sense contacts and ouéx%ut to ”“%;*5’ ¢
control power relays. (,f{: i[”“$)
g Y’

Although a PDP—&/Eight have been programmed to carry out the task, it was
either not considered or else rejected because:

Q ot
k

1. the cost was too great;
/

2. there was some perception that a conventional stored program computer
could not solve the problem;
3. the circuits did not haﬁe adequate noise margins to operate in the
A

environment; Ry
(i, , ) (u-' By ¥

4. the physical environment constraints couldn't be met;

5. there was inadequate I/0.
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As a result, the PDP-14‘was proposed and designed expressly to solve the
problem and cost less than the PPP=8—(er—rather—the 8/I--which was just
going into production¥. The 14 hag\no data operations except on a 31ngle

bib={boolean}: In—faet fhe 14 ~
t=bit- - : . .

1. In order to solve the boolean equations that a conventional relay
controller solves in parallel, the 14 must solve equations sequentially
at a rate of approximately 30 hz, giving the illusion (which is quite
adequate) that the equations are solved in parallel. The 14 has
instructions for taking data from input sensors, solving the equation

and outputting the result Eg\ijfggg;,JThe ISP of the PDP-14 is given
in Fig. x. 4:::::>

oy
. -~ (& W

The 01rcu1t logic was slowed in order to have 1mproved noise margins.

t was felt that core memory did not have adequate noise
susceptibility, hence couldn't be used. Thefbraided, read only memory
was used.

The unit was housed in a dust proof enclosure.
\\\\\\_’ Appropriate I/0 interfaces were designed.

g
. /
1§

N e
‘ i
‘ D
|

|

X

,f’7h number of 14s were built and installed in the intended applications over

¢, the period 1970-1972. Programming was carried out in languages supported
' by compilers that operated on PDP-8. The languages allowed users to write:

1. ordinary assembly programs (resembling PDP-8 programs);

2. express ladder diagrams (in effect, these are a set of boolean
equations); Y,

) ) ¢
2 V¥ }‘ /7’, 1 7, J /r-/ £ 6 _/'r )

) 3. program as a flow chart, i.e., as a sequential machlne,(/ F apes #% 7*
i /’l é,.-,J // Lao 0 VR l 4 IR +o e t 772
As the 14 and its competitive, contemporary machines were used, a demand
for a second generation controller was created. By 1972, the additional
requirements included:
N —y
1 better cost, due to competitive similar products, including the
companies whose relay products the 14 displaced.

2. There were many more functional demands including having an easy to
change read only memory with the ability to load programs via a
communications line or connected console. In addition the
controllers should connect in a network fashion and report back
status and results to a supervisory compputer at the next level of a
hierarchy. The controller should be capable of recording events
(e.g., counting the number of parts it processed). It needs timers
which can be set as part of the control equatlfps L cowhollen s

/ ~
o nol” €Y
o )
5 u/f;v’/ Lj(.’ e
(‘u I,.,
'rsﬁuf%"
&
T/
~w
%)
3
Qo ™
3 3
Y
9
~ 4
Ty
~ \-\
I <
k-
X
h b
Y.
x ¢
g
~8 &
J
&
“1
‘k
X
-
L
e

Y., Doc ] \!‘“v . pPo b d) maching o» (P vl o ‘

3-5. The unit should operate over an even wider environmental range, with
a more complete set of I/0.
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\%fﬁ Thus, the PDP-14/30 evolved, as—ean—be—seen—in . ¥ Another critical
N Y part of the 14 includes a programming, progr load and observation
', . console, the VI14, which consists of a CRT and PDP-8 mounted in a portable

~housing. Since the 14/30 can also report bag¢k status of its input and
output variables, the VT14 also has the abil/ity to display the status of
the ladder diagram (i.e., whether a relay is on or off and the contact

\ position). A-diagr%ilis shown in Fig. ?. /At the time when the 14/30 was

1/

proposed, I urged that it not built because:

7 { .

T diopley /) (s O
1. A standard PDP-8 computer is cheaper to build and we would get more
N> production volume and lower costs by not building a special unit.

lemd P2 T VW).
2. The PDP-8 could be extended trivially to have the—eempiéte 14 ISP.
Thus the PDP-8 ISP would be available to do the tasks that would
inevitably evolve to:

a. do self-diagnosis;
; N b. do more extensive counting and timing functions;
b < c. deal with non-boolean data (e.g., time, non-discrete events

; , including angular position);
¥ d. handle general control in both the analog and digital domain;
e. communicate with computer networks requiring much better protocol

: coptrol for intelligent and qyror-frgf‘pommun}cation.x : : PR

) AR 1 ¢ { o o4 ol s # ConArek L 207 | Sttt @ flu s !
h)

. The PDP-8 circuits had adequate electrical noise margins. 4 ":/.Z'l,;

3

<O &« cowl o '('/“ 4
» . J 4. The 8 ghould be packaged in the proper cabinet for the physical cong?s
E% Y& environment. pA<J y
& e_iwvld 0 WA e in®’ v

N 5. There would be adequate interface parts. _ oA o "

; | gegry . & g o “gkﬂ«ll( lascprms— .

Although I was unsuccessful in' converting the 14/30 to—beecome an 8 with
appropriate extensions and packaging, some of the 8 parts were used in the
14/30 design. At this time, some of the iqitial conjecture about the 14
was correct. The product was diseentinued 'primarily because it required /.4, sy«
intensive support that—was—eﬂ%side—%he~mai§sxpeam—Peeeureeq? hence dropping

represented a strengthening of purpose. povrly) quolved LLJLtV>

- (esdpc,uivuq whon o bvtr o rﬁait(/sv-/\
While it is easy to dismiss the 14-as a trivial special purpose controller
that should never have existed, “this is to say that the problem being
solved should not exist. Such a conjecture flies in the face of the adage
"that the customer is always right".

The problem is worthwhile and should have been solved with the full
generality of a computer. The ultimate state (several next generations) of
the controller is clear: a computer is needed to handle the full generality
of the problem as it was, as it slowly evolved (when the 14/30 was '
designed) and as it will clearly evolve to. The solution was, and still
is, to adapt and evolve a general purpose computer by a combination of )
hardware and software to be the best controller. Such evolution can easily
surpass any fixed control structure that would have evolved...not evolving
the 8 to the application was the error.

L;\‘) (ud—c-L\"r'\; Ju)" 6(f'€‘z'j }-{\¥ E:C’[U\: . -
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Qh‘e initial core memory was replaced by /z core memorys In this ways the prodrams
NET

could be easily chanded rather than havind to be returned to eur—faetery for

manufacture, TFhe-memory ﬂa&size_uas.alsu_iimased_to—e—xuwd&r—and——ﬁnce the

/{ oridinal 14 was so slow comrared to its inates circuit carability +v
~
Sl :
the instruction time was reduced from to 20 microseconds to ‘2'_' |1crosecond54 —Fhis—
fo howd L e

enabled-both better freeuencey resronse anddlamer nusber of eauat}ion§ to-be—

m —Since-it-wess—there A subrowvers—s primetive subroutine callind iw sd'vwdh*\—
aeeWyas added)m_tha—u-sivinﬁ it 1 level of subroutines by usind a3 sindle pg,

redister to hold the caller. -A—_An—sapithe Since ax larde number of srecial

redisters were added to hold sumb numeric values éueh—as-the shift redisters ,

timers and cnunter? s—set—ef an arithneﬁg’/unit was added to itz in wm ad hoc fashion,

v a
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g THE 12-BIT FAMILIES .
( ,’1 v # ‘
/ . »
Sarly X Y
 This part on the #+rst Minicomputer includes the descriptions of the 12-bit . e ¥ )
: 0 X' U g
computers that DEC has built and been associated with tl@a»t' affected the J ‘, R
1> {*, ) \z.

PDP-8 Family design. The-title-is-perhaps slightly presumptuous—because

the main contribution of the 8 Family is the number' produced -(in- use); the )
= o &7
-netionthat 31gn1f‘1cant1y cheaper/machlnes can always be built and applled

L .
to new applications--hence ’cheL’name minicomputer for mini(mal) computer.

The 8 Family also clﬁérly either-directly or indireetly contributed to the

Ny name ,ﬁnicomputer'--not an insignificant contribution in a world that often
/

must have a simple w (naﬁe) to identify a concept The early history of

) AWES

PO TE AR LD Ll bt
the/{nlcomputer-, 1s/—«me-ré-—aeem‘a%e-l-y>represented in Fig. 1 which shows the

~ R < ‘,:’ ._/‘.‘ .

interﬁ‘elatlonshlp of early computers. \‘,,./,-' oo T/ AT A
1/ * S 25 /5 7y Ea 45 L } o
The Machun Fanidase wplse “Ytharn CEVE PR 7"

Figure 2 shows both the family tree of the 12-bit machines with significant
events outside DEC and the corresponding internal response events that made

up the evolution (e.g., technology use, first shipment of a compiler). The | /" g
3 <

L

P

(/é/z/ Vs 1 hz,{ 'cc..(«? 2 /)% -

/
L

family tree posiréon shows that t})er'e ar‘e> five nuclear groupings (or

sub-families) within the complete family. There are two close r-elative

- e

P

f‘amiliesjé the LINC Family%which contributed some }?ade ideas to the

original PDP—5§ and the PDP-14 Industrial Controller Family, which also had

a 12-bit word ?ﬂd—te?mrﬂatmw—-ﬁe—ﬂrﬂ%. Later members
of the LINC Family were made up of major physical and software
subassemblies that were part of the 8 Family, and the original LINC was

built from DEC Systems Modules. A Members of the wjused ?arts from the
A

Pop- 19 Famak
(ac/iﬁw ]

s




1) ;,;(‘ s ———— , e I
e — A7

/ P v"é. LA
’ﬁv\lggig,qlsﬁn,tngtﬂihe CDC" 160 was the first commercial 12-bit computers;
/ [

as suc@‘contributed ideas and organization to both the LINC and 8 Families/,: / ¢

YA
™

as did the DEC 18-bit Family (as we describe in Chapter 00).

s eV
/ p A # Y
. é )

— /.f’ (Jz*jf 1
A v/ Y .
The Processor-on-a-chip Family is“built totally outside of DEC by two other @/yﬁ/
. 4 7.Y
organizations, pInter'sil and Harris Semiconductors. DEC's efforts to build W‘ﬂ}di ﬁ ,'gf
POP-3 I g S
the one chip computer only lasted for about a year/bbefore the efforts were LA ’ :

A building an XcC u-un?onof Ldie 4
turned tofthe PDP-11 Family. The existence of this family is barticularly

N/
significant as it formg the Jbasis for the one-board-computers and the
computer-in-a-terminal.

(San u.u,,l-uoa)

Packaging

The time line part of -the figure is divided into basic semiconductor and

module packaging technology, computer languages,and computer operating
7 2 e 2 O~ 2

eﬁggLnote Epere is a one—-to —

systems.
(//(,4 '{!»—l,}(j - £, ;tt.!l/«
five-year delay between’when an idea is available‘and when it"is applied to
- oo f- Pe (/lligin(J 0F SO At veolae K‘T‘."f

a machine (note the application of Silicon transistors and TTL logic). For

example, it is possible that the 8 could have used TTL logic and been even

})
//,

(A Ll C
25 t on the state-of-the-art line--negating the need for 8/F and

- '6( ARVEE
8/Ly. Sihce the packaging was different for the 8, and done with automatic

wirewrap machinery, this change was enough for a single machine., Also, TTL

logic, as initially marketed, was significantlxvgpgplexgg
{)0’!]‘ ¢ W l / ‘C ; k o‘l-'_‘/_l-/' ( :{LV“ _— 85 '7_7 _,_‘__l__;.—-r .
discrete logic circuits Eﬂgt”the 8 was builtgff%?:J/it’tbok five years to

nsive than the

‘ﬁ’ N o

ek |

("Médopt the automatic wirewrap machinery that was first used in the IBM 7090. )

B Lo e 3 alov sl e
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This was partially due to the fact that & represented both a major

packaging change and a major capital expenditure to DEC _(sales were about z P

- e p - Y o -
f/‘* s 7/02¢ "fﬂ"ty kit ZT7Y! ?/{V,\_ gt /,1,,/(_,‘_,, ol -5 z
$10M thén). (The various read-only and read-write memories have not been J2EETTHT=FHU

e S

pecayse

essential to the designs 31ﬁbe the ISP 1s/§p 51mple However, a large*'““‘J rove l, 4

register file and low cost ROM for microprogramming makes the floating
point processor and its control possible in the 8 price range (note the FPP
introduction versus semiconductor memory availability). Such an option
significantly improves performance by at least a factor of 10 (see Chapter

00), and in the case of the 8, more like a factor of 20-50.

Languages

I ¢ Pé"/&M
FORTRAN, in Y4 Kwords, is probably the most significanekaccomplishment in
terms of languages for the 8. It was designed for and operated on the

PDP-5. Eventually both BASIC and FOCAL interpreters were written to
provide better interactive languages. These are used extensively as a

calculato/ﬁ/and for real time control including laboratory experiment and
A (; 1.\
industrial control w_Ilhe-Laaguag.as_usne-bo.th_ezj;ended——gor graphlcs dlsplay

y e ) ) Pt & I-A‘,'

The 8 is also used exten31vely #an_Leanhlng_anags—eemputecé andzcomputer—

//I f i £ 0 7! p y -
aided instructio / ~ (o0
N / + pwaéi‘lbb

Lot P07

9/‘,{95—’}’

A i 1779
Jﬁlxséﬁ'DIBOL a business language interpreter, was introduceds ;gﬁ,ngéis
igg%gée COBOL. It was designed as an interpreter to provide faster
response to the writing and debugging of programs and to use memory space

efflclently These are excellent tradeoffs for the single-user system

¥;x$e problems are usually disk performance bound vis a v1a/éeeess;ng_\

pecordg7> An especially powerful editor and language was introduced in 1976
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‘/i, Vi L
in *ne form of WPS8 for the word processing market. It also isthe—foreing

A

funetion to have‘very low cost standalone computerscbaln this case, the VT78

resulted.

) N

P g
I~ 17T

The operating system line shows that the influence for software came from '’
and L plterdt Rlode 7 DECnet. The A/ind.
two—areasl/ the original LINQ( wh(&h”was designed to provide a 31ngle user

: om inhrractive ) psrsonat
with a-patﬁeboq-lppan.nt omputer with his own filing and processing

t assist i pa laberate
system. A recent product, DECnet, our method of interconnecting computers

;;L‘;/SJZ;T;;;;ter physical distances, came from the minicomputer population

growtg;/which&;ﬂ tgﬁn force;.the computers to communicate with one another

in some form. Much of the basic work of DECnet was derived from the

[Aheee 7D
ARPAnet research prOJeca It is interesting to not/‘,that DECnet 8 is the

first application of DECnet within DEC. This has gufte possibly occurred fﬂ4¢¢«/f/

M
because the basiﬁfoperating system is clean; as such, the complexity of

J
: x B D = Sy
DECnet can be understood and integrated more ea511ys?1’rr7r,- Tyt 2
/(,('.w- (7Y A /\ (((71 C N~ ;‘ /7*‘,‘./,
¢ 1
The various single user and real-time operating systems are qu1te /, S
WT’/% R 7 = 7 et

unequalled, even though comparatlvely smafler efforts'have been devoted to

#Cor. for Loigen con Mo

their design and implementation. Another by-product of the 31ngle user
designs has been the understanding developed for the creation of the single

user operating system, RT-11, for the PDP-11.

e fov a POP-¥  Lna
0 Lipgshowiy Sy 4 ‘
K. @VL\ T 3

bt o
TS(/% M O 25 J20C :“ vw’prd\..vg, Gnd 1%—"—&&# rvélwﬂ»' P“

e

'

2 Se l/‘CQ/‘. }/sf Zn’p{ . &

b

~

1

vald. feo
b LA

Y v A W

- J(am ‘(!j.b\l‘l'(,i- (,\\(( ‘/7‘,\/4 /\)'/

/vcw Lw(yrw 1Gxx
Oﬂ a hundred or so systems were sold g
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aA
that;t!k 11 came alon%)gﬁh the development and marketing efforts were

”’] y/ ,.,,/‘,.//“'\ ,(};Qv&'
highest performance/cost timesharing system,ﬁ% prov1de The reason for the
/)}l«l" bt é/m}/" ¥
lack of commercial successe7;Zsgﬁbést—jgg—qggg;y—a%%eibuxedAto the fact S

redirected. On the other hand, TSS/8 required some understanding7and the
,/Jduc Le +
' time to“/sell such a system may be greater than allowed(f&r (i.e., it may be
underpriced in terms of software complexity). A major side benefit of

TSS/8 was the training of one of the implementors, Nate Teichholtz, who

went on to propose and first implement the RSTS timesharing system'for V

PDP-11 based on the BASIC 1anguage.’ﬂTSS/8 was designed at Carnegle—Mellon\\ % Pa)

Unlver51ty, w1th/ﬁ,graduate studengé Adrian van der Goor, (Reference’) gs,t /1

reaction to the cost, performance, reliability,and complexity of IBM's “jﬁ?éi .
s ’

TSS/360 (Model 67). Although TSS/360 eventually worked, it wasny’”)

marketeéﬁ,but contributed some ideas and trained thousands of programmers

for IBM. At CMU, a TSS/8 operated until 1974 when the special swapping [E"“ i
disk expired. The cost per user or per job tended to be about 1/20 of the ; ‘ ‘
(' {

TSS/360 system they run.

w17 étufy

lfge following sectlon describeg the

. ‘1/{: ? O N
e hoéztﬁe machlnes relate to the famil

12 /¢ A2y e
minicomputers The final section describes th PDP-14, how it came to be,

and my (Bell) own version of wha ) have been.

‘jnw C Q

~

/A matérrat

t . o) ; .
This chapter is a substantial extensionlﬁo the origifial chapter which first
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appeared in Bell and Ncnelll/(1971)‘l/The exten51on$ 1nc1udejthe Omnibus

and CMOS-8 families which came out after that chapter was written. Now

‘/_/// QAT
enough “time has passed to gain mqre historical perspective. In this regard

2
we look at how technology has shaped the evolution and resulting structures
from a price, performance, and packaging characteristics perspective these

last 15 years.

/ The main part of the original chapter remains intact. We include it to
\ / show how a machine can be understood by decomposing it into a number o

levels which correspond to its physical structure.




‘alems, to our knowledge.

nimum Semiconductor Types

hce the PDP-15 was one of the first DEC computers to use ICs
tensively, it was important to minimize the number of logic
pes. The PDP-15 has 21 semiconductor types. This includes

s, transistors, and diodes. All are multiple-sourced.

;:Twisted Pairs

B

-

ﬁving no twisted pairs in the backplane was a tough goal to

chieve because there was no inexpensive wiring capability at the

»mg.' We achieved this goalﬁbut logic had to be moved before the (
achine could be made easily and reliably. (

ixed Configuration Rules with Field Installation of Options

he PDP-15 hag fixed configuration rules and very easy field
nstallation of options. This required more space (partially

ull cabinets), and as a result the cost is slightly higher.
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5 st Al
., PDP-1 and PDP-4 Based 1B-Bity Computers (Q l

Ths catr charter was written exeressly for the book to recall-and reconstruct as—muehr
od l{

—ef-the history as—plee-rossible-sboui-howffithe-conruters— 18-bit computers .

; A or key rrodect team members
—eene-into-existenee—, It ws was co-authored by » the desidners of the machines
x pust DEC comptin , 4T

where possible |,  As-suehs-it—the The lendest descri}ptwmy ase of the kmﬁ PDP-1) v Qarelon Hs

he uepse)

—which-estehiished-sn—arehitecture-based-on-the earlier MIT influencex J Sinee-the——4—— W“"
Wl Carw & o f(d e II-(’ ele TL c\(ouw"' oo k \H\\— Qr-aiu) b et Jf\“() &""""J- el ; ﬂ

i 2 : . Y N bt fv\'('-‘ & Y,"llf(ﬁ#-
Since the PDP-¥4 departed from the PDP-1 architerctures there is a léne self-dustiification - )

that sivei the rf,houshts surroundingd the architect chande. This section should be esprecizlly
(rro‘m&l‘ﬁ,) wl'rl 204 (‘-//,_, LL/,;-/(uf S
valuable to comeuter desidners because 1 - isl'é set of ardumennts that recusr
4 A

throughtout many compuiers desisnys to initiq!te m;gg-e.dlesg': neu%rch&kctures.
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T areneediessly-chanded-snd-redesidned, The authors have heard the arduments many times
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and exrect to hear them ## many times —int-he—futuper—
Thowe ern k—tuvk— b sead :l‘h‘ . A ‘/\'; Wi v pD P 7 0 d ?Dxl? q.
The g% —dest PDP-15 stso represented a mador departure from the PDP-4 architecture
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dood model of how we-wa—wa—we-believe design should be carried out /}hopefulls
Qn an ppew 8 priori basis}.
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be read -befere—smiw-of-the-ot inderendently of the néhines ddESCPiPtiDl'ﬁo

Heres it is important for desidners to realize there is 2 continuity to desidn and

There~is a cosplete ISDP descietion of both the PDP-1 and POP-4 computers is

X eresented on 2 comraritive basis so t&w the reader & can see hew the eiéf small
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. 4 In the $2=bit- charter on the # PIP-B there is 2 descristion-of—the— side by side (com posness

ISPS. \ 7-,‘.“?[, AL
I8P deseristio of both the PIP-4 and PIP—5 ge-cemcubers— A 4 haw Hhay
so that the @r reader can X make !n‘rn—ie direct colparixson of the two machines, We expect

that the reader can easiluy-de-theru—thdeush—throushand understand all these ISP descrirtions
i Py

ad-  ouite intuitiviely and-if-need-be—reade—teh-the—I8P5 primer in arpendix 1.
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